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Abstract
The evolution of standards based assessment, beginning with the No Child Left Behind
Act (NCLB, 2001) and progressing into the Every Student Succeeds Act (ESSA, 2015),
maintains high stakes testing as an expected component of the public school experience.
For students with specific learning disabilities (SLD) in reading and/or writing, meeting
standard on the currently mandated Smarter Balanced Math Assessment (Office of
Superintendent of Public Instruction [OSPI], 2018; SBAC, 2018) presents unique
challenges. On the Smarter Balanced Assessment (SBA), students are expected to solve
math problems that require language skills, specifically skills which are deficient in
students with learning disabilities in reading and/or writing. In particular, Claim 3
(SBAC, 2018) requires students to explain your thinking, and construct and evaluate an
argument. These are examples of test questions that, for a student with learning
disabilities, may be difficult to answer regardless of math ability. Although SBA authors
attempted to mitigate specific learning disabilities with allowable testing
accommodations, one might ask, if the student is unsuccessful on these math questions, is
it due to lack of math ability or due to the impact of the specific learning disability in
reading and/or writing? Examining elements of non-construct variance and construct
validity is worthy of investigation for secondary students, for whom meeting standard on
these required exams holds lasting consequences. This paper will explore the elements of
non-construct variance and construct validity of achieved math SBA scores as it pertains
to students with documented learning disabilities in reading and/or writing.

viii
Keywords: high-stakes testing, non-construct variance, special education
assessment, linguistic complexity, accommodation, confidence intervals, Smarter
Balanced Math Assessment.
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Chapter I: Introduction
In the current standards-based movement, mandated high stakes tests are
prevalent for most students. Currently, Common Core State Standards (CCSS) and the
Smarter Balanced Assessments (SBA) are mandated in 46 states (Smarter Balanced
Assessment Consortium, [SBAC], 2018). For students with specific learning disabilities
(SLD) in reading and/or writing, performance on the required math section of the SBA
may be impacted by these known disabilities. Challenges might manifest from the
linguistic complexity or language demand of the questions, or the requirement to write
extended responses in answering the questions. For middle school students, the SBA
math test requires students to construct an argument, evaluate a response, and
disaggregate application problems. This is especially evident in Claim 3 of the math
section, Communicating Reasoning (SBAC, 2018). This claim evaluates students’
abilities to “clearly and precisely construct viable arguments to support their own
reasoning and to critique the reasoning of others” (Smarter Balanced Content
Specifications, 2015, p.5). In layman’s terms, a student must have the language skills
necessary to effectively communicate his or her math ability.
Validity of the SBA math score is examined in this study in two ways for students
with reading and/or writing disabilities. One is construct validity: Do the math questions
require language skills to answer, and if so, to what extent is a learning disability in
reading and/or writing impacting the ability to achieve in mathematics? The second is
the impact of allowable testing accommodations on resulting individual achievement
scores. Do these legal and required accommodations remove barriers to achievement and
thus enhance the validity of the resulting scores, or does the use of accommodations
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decrease validity because protocols have been altered? Results of these high stakes tests
have educational consequences for students when the results are used as evidence in high
stakes decision-making (Cumming, 2008; Haertel & Lorie, 2004). In the standards-based
accountability and data driven decision-making culture that exists today in public
schools, solid answers to these questions are imperative to strengthen the validity and
interpretability of the results of the SBA for students with disabilities. The anticipated
date of the math SBA becoming a graduation requirement is 2019, and thus, validity and
interpretability of scores is of interest to students with disabilities, their parents and
district policy makers.
Theoretical Framework
Two important theoretical frameworks provide underpinnings for this
examination. The constructivist theory of learning, primarily the works of Piaget and
Inhelder, describe the processes that children undergo as they learn new concepts. The
evolution of understanding about how some students learn differently from typically
developing peers is briefly explained. The theories of assessment, in particular of the
assessment of students with known disabilities, add support to the overall framework of
how students learn. Together these provide the structure for the essence of this
examination: How can educational professionals and policy makers be assured that the
current iteration of standardized assessments is both fair and valid for students with
specific learning disabilities?
Theories of learning: Piaget and Inhelder. Generally perceived as a cognitive
constructivist, Piaget studied the relationship between the assimilation and
accommodation of concepts. Assimilation occurs through lived experiences while
accommodation is the development of new mental structures or schema. Through the
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interplay of assimilation and accommodation, when newly acquired knowledge conflicts
with that which was previously learned, an intellectual state of disequilibrium exists
(Piaget, 1953). The act of learning is described as working and manipulating new
information to fit or expand the prior schema, or structure, of all that had been previously
learned. Constructivists such as Piaget (1953) supported this theory of learning that
knowledge is framed or constructed through experiences and connections are made
between new information and all that had been previously learned.
A component of Piaget’s theory that set his work apart from other constructivists
was his explanation that learning happens at distinct stages of life (Piaget, 1953). As a
child moves through the phases of sensorimotor, preoperational, concrete operation, and
formal operation, the child continues to create a schema that is ever-expanding in
response to the new information gained by experiences and the environment. This
framework, coined global states of learning, was presented early in Piaget’s work and
focused on the type of logic used at each developmental level. Later in his writings, he
and others focused on the mechanism of learning – the process that enabled new
constructions, new perspectives, and new learning to occur. Piaget drew on his previous
work as a biologist to craft the idea that cognitive structures are under construction as
people experience the world (Piaget, 1970).
Piaget posed three modes of equilibrium resolution in the process of learning.
The first mode was the assimilation of new ideas into the previous structure. In this
model, new ideas or information fit or blended into the previous structure without
dissonance. In the second model, the learner was presented with two logical ideas in
which the learner found contradicting information that did not immediately make sense.
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In the practice of individually experiencing cognitive dissonance, and building schema to
make sense of new information, the learner practices building and constructing everexpanding cognitive structures. The third mode of equilibrium resolution was the
integration of an entire knowledge structure, uniting two systems of thought in totality,
creating an intricate and more complex schema of understanding. It is through building
these intricate and complex schema of understanding that learners continually learn.
Piaget sought to describe structures common to all children. Inhelder and other
Genevan theorists used his theoretical framework to examine learning differences in
individual children (Gallagher & Reid, 1981; Gazda & Corsini, 1980). Further, Genevan
theory supplied a developmental sequence not tied to age, but rather focused on the
mechanism of change. Inhelder, Sinclair, and Bovet (1974) specifically investigated the
transition from one stage of cognitive development to the next, and the constant or
predictable order of the succession of stages. Through this investigation, Inhelder et al.
(1974) noted that “even in cases where there appear to be deviations in development,
basically the operatory system is always constructed in the same way” (p. 17). The
different speeds of acquisition of concepts seemed to follow the stages of development,
and many students with perceived learning disabilities, especially in reading, followed
the same path as typically developing peers. Gallagher and Reid (1981) reinforced this
theory, claiming “all children except the seriously emotionally disturbed follow normal
development patterns” (p. 171). The learning theory of Piaget that children move through
the stages of development in the same order, coupled with the work of Inhelder and
others, that individual children with learning difficulties follow the same path but at a
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slower rate, laid the foundation for educators and researchers to further explore how
students with learning disabilities learn differently (Piaget, 1970).
Theories of assessment: Ysseldyke, Christenson, and Thurlow. Large scale
assessments are constructed to serve different purposes. The current iteration of the
federally mandated assessment serves two purposes: accountability for districts, and soon
individual student accountability in the form of a graduation requirement. Assessments
used for accountability reasons provide feedback to districts about overall achievement
for individual schools and districts as a whole. In order to draw sound conclusions from
the results, several elements must be met with care. In the assessment of students with
disabilities in particular, quality assessments for accountability measures need to measure
student achievement not solely on high stakes tests, but also on other factors such as high
school graduation rates, college acceptance, and college graduation rates, all with the
focus on individual achievements (Gunzenhauser & Hyde, 2007). Another important
element is understanding the negative consequences of having accountability systems that
do not include all students (Pemberton, Rademacher, Tyler-Wood, & Perez Cereijo,
2006; Thurlow, House, Scott, & Ysseldyke, 2000). These consequences of excluding
students with disabilities from large scale assessments intended to analyze and reform
school systems include increased retention practices, increased rates of referrals into
special education, unfair or misleading comparisons between districts, and vague
practices on the reporting of students not taking the test.
Ysseldyke, Christenson, and Thurlow (1987) described ten factors that were
important for reporting on individual student achievement. Included was the degree to
which student performance was evaluated appropriately and frequently. To achieve this
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goal, assessments must be both frequent and congruent with that which is being taught.
With these two critical elements in place, evaluation results serve to validly inform the
teacher about student progress, and provide essential information for effective decisionmaking about subsequent instruction.
Furthermore, assessments should be valid for those with whom they are used
(Thurlow et al., 2000). Not all tests can be used as valid assessments for students with
disabilities, and if the test is to be used to demonstrate accountability measures for
students with disabilities, these students should be present in the norming process
(Overton, 1992; Thurlow, Quenemoen, & Lazarus, 2011). Thurlow et al. (2011) claimed
that quality assessments for the CCSS must include quality assessments for all students,
including students with disabilities who receive special education services. Educators,
parents, policy-makers, and citizens need to know the extent to which all students,
including students with disabilities, are profiting from their educational programs
(Ysseldyke & Bielinski, 2002). Students with disabilities have a unique set of
characteristics, and assessments used for students with disabilities should be valid, and
transparent enough to know when a student is inaccurately measured because of poor
basic skills but concurrently may have stronger high level thinking skills (Thurlow et al.,
2011).
These theoretical frameworks underscore the importance of attending to the
learning needs of individual students as related to standardized assessment practices.
Students with disabilities must be included in the norming process and visible in the
results. Learning theories support that children move through cognitive development in
predictable stages, and initial intelligence testing attempted to measure aptitude by
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quantifying ability relative to chronological age. Disparity between expected growth and
actual growth became the underpinnings of the evaluative measures that quantified the
existence of a disability and the need for specialized instruction. Finding these
differences is the foundation behind the selection or battery of examinations that
psychologists use to determine the presence of a specific learning disability. The field of
special education evolved on the premise that while students with disabilities follow the
Piagetian stages of development, these stages appear at a later chronological age
(Weekly, 1979). Students with disabilities must be evaluated in the current paradigm
using the correct grade assigned assessment for validity in measurement and
accountability, but it is yet an unanswered question if the current assessment is fair and
valid for students with certain types of disabilities.
High Stakes Testing for Students with Disabilities
Special education eligibility assessment is a highly regulated and inherently
discriminatory process, one which is laden with high stakes testing implications (Bayles,
2009). Students with perceived disabilities undergo specific and detailed high stakes
testing in the special education assessment process (Kauffman, Hallahan, & Pullen,
2011). Using results of these tests, school psychologists and the special education team
determine if a student does or does not have a qualifying disability. If the outcome is
affirmative, the student is entitled to special education services, which are additional
educational services intended to support learning within the constructs of a documented
specific learning disability. Once placed in special education, students are provided
specially designed instruction and granted access to accommodations that support
individualized learning and access to education. These accommodations include both
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learning and assessment experiences, and are documented in the student’s Individual
Education Plan (IEP), a legal document binding a school system to provide the additional
supports necessary for individual student success. It is important to note that students
with specific learning disabilities have significantly different academic needs from
students who have intellectual disabilities. The chief indicator of this difference is that
students with specific learning disabilities typically have average or above average
intelligence. Students with specific learning disabilities in one category, for example in
writing only, typically have commensurate skills in other academic areas similar to nondisabled peers (Kauffman et al., 2011). Through the special education evaluation process,
it is most likely that all categories of concern were evaluated, and thus a student with a
specific learning disability in reading and/or writing would have documented evidence
that he or she did not meet the criteria for a specific learning disability in math. Of
importance to this study is the distinction and clarity around the specific focus on
students with learning disabilities in reading and/or writing.
Testing designed and used for entry into special education is not the only testing
required of students served in special education. All public school students in
Washington and 45 other states are required to take the SBA in grades three through eight
and grade eleven annually (OSPI, 2018; SBAC, 2018). As such, students served in
special education with specific learning disabilities are evaluated as meeting or not
meeting standard using the same achievement markers as non-special education students.
Allowable and approved testing accommodations are legally obligated and accessible for
students with disabilities through the IEP process. The Smarter Balanced Assessment
Consortium (SBAC) authors considered these accommodations in the validity and
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reliability statement for the assessment (Smarter Balanced Technical Report [SBTR],
2016). In the development and pilot of the SBA, test authors claimed that one intent of
the Smarter Balanced system was to remove construct irrelevant barriers that prevented
students from demonstrating their best performance (SBTR, 2016). Students with
disabilities were specifically included in this statement, and elements that applied to
students with physical disabilities were elucidated. In the purpose statement of the same
document, the SBA test authors claimed that an important outcome of the SBA was to
provide valid, reliable, and fair information concerning students’ achievement in literacy
and mathematics that was equitable for all students and subgroups of students (SBTR,
2016, p. 51). Test authors admitted the need to understand the “characteristics and needs
of students with disabilities and address ways to design assessments and provide
accommodation to get around the barriers created by their disabilities” (SBTR, 2016, p.
10), but did not specifically describe the accommodations that were intended to
accomplish this goal. This need for valid, reliable, and fair information, and the quality
assessment practices that require that all students and sub-groups of students be visible in
the norming process and the reporting practices, is an important element of high stakes,
standardized testing practices of today’s schools.
A significant measure in the 1997 reauthorization of Individuals with Disabilities
Education Act (IDEA, 1997), which was reaffirmed in 2004 (IDEA, 2004), required that
students with disabilities be allowed and/or mandated the opportunity to access the same
assessment opportunities as non-disabled peers. As previously stated, sixth, seventh and
eighth grade students are required to take four at-grade-level Smarter Balanced
Assessments. This requirement is held in tension with special education law that requires
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students with disabilities receive specially designed instruction at their individual level of
academic development. The net result is that students served in special education are
experiencing tests that assess content not yet presented, or skills not yet learned. If a
school system has a process or policy of moving students who are not proficient on the
mandated test into remedial tracts, or using these scores for the entrance or denial of
higher level courses, these students could be denied access based on a handicapping
condition, which may be in direct violation of Section 504 of the Rehabilitation Act of
1973 (Rehabilitation Act, 1973).
A confluence of demands adds pressure to the already tenuous standardized
assessment conditions. Federal regulations designed to ensure equitable access to
rigorous standards and assessments for all students, challenge students, teachers, and
school administrators to balance these needs simultaneously (Jamgochian & KetterlinGeller, 2015). Specific adherence to special education law requires students with
disabilities be given the same opportunities as non-disabled peers, including participation
in the mandated standardized testing. The SBA is assigned at grade level for students in
special education, rather than at developmental, instructional, or academic level. Some
students with learning disabilities in reading and/or writing are thus ill-prepared to show
mastery on high stakes tests, specifically tests that cover information not yet learned
(Jamgochian & Ketterlin-Geller, 2015). Testing accommodations used to support the
individual needs of the students are intended to mitigate the impact of the disability of the
construct being assessed. Absent from current research is the impact of a specific learning
disability in reading and/or writing on individual student scores for the math Smarter
Balanced Assessment.
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Validity and Interpretability of Results of High Stakes Tests
Central to the problem of mandated assessments for students with disabilities is
the objective interpretation of results. If school officials are to use the outcomes of
annual mandated testing to withhold high school graduation, school officials must be
certain that the stated result is both valid and reliable. Validity generally refers to how
well a test measures what it claims to measure (Vogt, 2005). It is vital that an assessment
be valid for the results to be accurately interpreted and applied. Reliability generally
refers to a test being free from measurement or random error (Vogt, 2005). Reliability
can be supported with confidence intervals, or the range of values with a known
probability of including the true value (Vogt, 2005). In layman’s terms, the confidence
interval is a range of scores that are highly likely to include the true score.
Of interest to this study is construct validity, or how accurately items on the test
measure the stated construct or topic of the individual question. Threats to construct
validity include extraneous variables that compete with the independent variable; in this
case, does a student’s reading ability interfere with the test’s accuracy in measuring that
student’s mathematic skills? Addressing threats to validity, especially examination of
confounding variables, strengthens the interpretation of results. Test authors expect and
account for a certain degree of random variance, variance that is evident and evenly
spread over the data set (Field, 2013; Vogt, 2005). However, when specific variance is
evident within a data set, impacting a specific group of students, and is not evenly or
randomly distributed, this skews the data in a specific direction and makes interpretation
less valid. (Field, 2013; Vogt, 2005). The question remains, does the math SBA math test
assess only math skills or do language skills confound the resulting scores?
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Statement of Problem
In the current and anticipated paradigm of state assessments, students served in
special education face challenges to meet these requirements. The specific focus of this
study is the impact of a specific learning disability in reading and/or writing on the
student’s ability to achieve on the required math assessment. Testing accommodations for
individual students are allowable on all sections of the Smarter Balanced Assessment
(SBAC, 2018). The underlying premise is that if testing accommodations are
appropriately applied, and the student does not have a disability in mathematics, the
reading and/or writing disability would be mitigated. As this is a relatively new
assessment, empirical research regarding the SBA concerning students with SLD is
limited.
Purpose of the Study
The primary purpose of this research is to examine the existence of a statistically
significant difference between a group of middle school students with disabilities in
reading and/or writing and students without these disabilities on SBA math scores. One
concept to be investigated is construct validity, to further explore if the math questions on
the SBA also inadvertently assess the ability to read, write, and communicate, and to
what level provided accommodations mitigate learning disabilities in reading and/or
writing. A second concept to be investigated is the existence of a compound influence for
a student who has both reading and writing disabilities. A third concept to explore is to
examine if the unique confidence interval, reported with the achieved score, can be used
as a differential boost to improve interpretability for students with disabilities in reading
and/or writing.
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This study is intended to evaluate the presence of non-construct variance in the
SBA math test for students with reading and/or writing disabilities. Research methods are
designed to illuminate if systematic variance is present on the math SBA scores for
certain groups of students.
Significance of the Study
Results of this study contribute to the substantive and practical significance in the
area of validity and reliability in the assessment of students with specific learning
disabilities in reading and/or writing. Substantively, the exploration of the variables in
this study begin to build the body of evidence in the authentic assessment of students
with specific learning disabilities. The exploration of the variables highlights the nuances
of assessment where systematic variance can disadvantage a specific group of students.
This study offers practical significance to school personnel required to interpret resulting
scores in high stakes systems, especially regarding impending graduation requirements
and other policy decisions. Deeper understanding of if, and how, reading and writing
disabilities impact success on math assessments will aid classroom teachers in strategic
teaching and focused intervention. If a statistically significant relationship exists between
specific learning disabilities in reading and/or writing on SBA math scores, educators can
advocate for equity in meeting local graduation requirements. The results of this study
may confirm for special education teachers the important role that reading and writing
play in meeting proficiency indicators in mandated math assessments, especially given
the language requirements of Claim 3 on the SBA: Communicating Reasoning (SBAC,
2018). While research has been conducted on this same construct for English Language
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Learners (ELL’s), research is less robust in the application for students with specific
learning disabilities.
Terms and Definitions
1) Accommodations: Supports and services provided to help a student access the
general education curriculum and validly demonstrate learning.
Accommodations do not substantively alter the constructs being taught or
assessed. In this study, accommodations are narrowly defined as supports
deemed appropriate by test authors and selected by the Individual Education
Plan team.
2) Confidence interval: Additional score reported by the Smarter Balanced
Assessment Consortium to quantify the relative accuracy of the stated
achievement score. This score is reported as a range of positive or negative
points above and below the stated achievement score that represents a
mathematical calculation range of which will likely include the true score.
3) Differential boost: When a testing accommodation produces a greater gain in
scores for students with disabilities than for students without disabilities.
4) High stakes testing: A test in which the resulting scores are used to determine
weighty consequences such as graduation, entrance or denial to advanced
courses or programs.
5) Individual Education Plan (IEP): The legal document that describes the
academic need and outlines an annual academic plan for a student with a
disability.
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6) Non-construct variance: Variance in statistical procedures that is not
explained by the construct being measured.
7) Random error: Expected error within an assessment and cannot be eliminated.
This error is assumed to have random distribution over the population sample.
8) Smarter Balanced Assessment (SBA): Current iteration of the federal
mandated assessment required of all public schools in 46 states.
9) Specific Learning Disability (SLD): Difficulty with a specific learning task
for an individual with typical intelligence resulting in a discrepancy between
perceived ability and actual performance.
Research Questions
1) Is there a statistically significant difference in SBA math scores between students
with reading disabilities and students who do not have disabilities?
2) Is there a statistically significant difference in SBA math scores between students
with writing disabilities and students who do not have disabilities?
3) Is there a statistically significant difference in SBA math scores between students
with reading and writing disabilities and students who do not have disabilities?
Hypotheses
Null hypothesis 1: There is no statistically significant difference in SBA math scores
between students with specific learning disabilities in reading and students without
disabilities.
Null hypothesis 2: There is no statistically significant difference in SBA math scores
between students with specific learning disabilities in writing and students without
disabilities.
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Null hypothesis 3: There is no statistically significant difference in SBA math scores
between students with specific learning disabilities in both reading and writing and
students without disabilities.
Research Design
This study was designed to evaluate if there was a construct-based difference for
students with specific learning disabilities in reading and/or writing on the math SBA.
As such, an Analysis of Variance (ANOVA) with four groups was most appropriate. A
convenience sample was be used; all middle school students from a large suburban
Washington State school district were potential participants. The control group consisted
of randomly selected students not served in special education, and the comparison group
consisted of 111 students with specific learning disabilities in reading and/or writing.
These comparison groups were further defined as students with reading, writing, and
combined reading and writing disabilities as outlined by Washington State discrepancy
scores (American Psychiatric Association [APA], 2014; OSPI, 2018). All students in the
comparison group had a current and compliant Individual Education Plan. This ensured
that the researcher was reasonably assured that students were appropriately placed in
special education. All selected participants were in the assigned grade level math class,
attempting to address a confounding variable of individual math skill and prior
instruction; therefore, students in advanced and remedial general education math classes
were excluded. SBA math scores for students in grades six through eight were be
evaluated. The dependent variable is the continuous score on the SBA math assessment,
and the independent variable is the presence or absence of a documented language
disability. Groups were defined as (1) control (not special education); (2) students with a
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disability in reading; (3) students with a disability in writing; and (4) students with
disabilities in reading and writing.
Limitations of study
The effects of test anxiety, test fatigue, and motivation are all elements that
influence test success (Carter et al., 2005; Haladyna & Downing, 2004); however, these
potential influencers were not investigated as part of this study. While all students
participated in these assessments under the same general environment as dictated by the
test directions for administration, students uniquely experience testing. The specificity of
focus for students with only reading and/or writing disabilities resulted in relatively small
groups. Generalizability of these results to other groups dissimilar to the studied group
should be made with caution.
Summary and structure of dissertation
This chapter provided an overview of the introductory elements of this
dissertation study, including the background, theoretical basis, problem statement, and
purpose of study. Four subsequent chapters elaborate on the literature review, research
methods, results, and discussion of results. Chapter Two examines in context the
influences of high stakes testing, the language of mathematics, validity, and the concept
of construct irrelevant variance. The examination of validity includes a discussion of
testing accommodations, as this is a component of test structure, of analysis, and
specifically of the SBA validity statement. Chapter Two also includes a review of the
limited available research on the impact of language disabilities on math achievement,
and includes parallel studies involving English Language Learners on the same topic.
Chapter Three provides a description of the methods for this study, including the
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statistical methods and data analysis. Chapter Four provides a summary of the results of
the study, including descriptive and inferential statistics related to the research questions.
Chapter Five presents a discussion of the statistical and practical significance of the
findings and the implications for practitioners. Limitations and threats to internal and
external validity are discussed. Suggestions for future studies that examine the additional
impact of the use of testing accommodations, as well as implications of the unique
student confidence interval, reported with student SBA math scores are offered.
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Chapter 2: REVIEW OF THE LITERATURE
Introduction
This chapter provides a review of existing literature on the evolution of federally
mandated tests, and the interpretation of resulting scores, and situates the assessment of
students with disabilities within this trend. Arguments against high stakes testing are
presented, including the question of evaluating high-level thinking with low-level
assessment formats such as multiple-choice questions. Influences of linguistic
complexity, language demand, and the language of mathematics are presented as relevant
to this study of mathematics assessment. Use of testing accommodations as mitigating
elements to the validity of the assessment results are discussed. Validity, specifically
construct validity, is discussed with supporting empirical studies. Research for English
Language Learners (ELL’s) is more robust than research for students with disabilities on
this topic and is presented to provide parallel comparisons.
Historical Elements of Special Education
As early as the 1800s, schools specially designed to educate or support
individuals with disabilities were built (Kauffman, Hallahan, & Pullen, 2011; Hallahan &
Mercer, 2001). In the late 1800’s, researchers, educators, and medical professionals were
beginning to examine, quantify, and name instances where students seemed to learn
differently. Scientists and practitioners such as Adolf Kussamaul wrote on his notion of
word blindness, which was followed by Rudolf Berlin, who added specificity to the
definition and is noted to be the first to use the term dyslexic (Hallahan & Mercer, 2001).
In 1905 Ophthalmologist W.E. Brunner introduced in the United States a report on
childhood reading difficulties. Other educators such as Marion Monroe and Samuel Kirk
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continued the work to define and provide educational insight for students with disabilities
(Kauffman et al., 2011). Monroe introduced the discrepancy concept as a way of
identifying students with disabilities (Hallahan & Mercer, 2001). Most authorities cite
Kirk as the originator of the term learning disabilities (Hallahan & Mercer, 2001).
Although the definition of learning disabilities evolved over time, his was the first
attempt at defining the elements that were uniquely different from other sources of
disability manifestations. Kirk also developed an assessment approach for pinpointing
specific learning disabilities in children, the Illinois Test of Psycholinguistic Abilities
(Hallahan & Mercer, 2001). Kirk’s original definition follows:
Children with special specific learning disabilities exhibit a disorder in one or more of
the basic psychological processes involved in understanding or in using spoken and
written language. These may be manifested in disorders of listening, thinking,
talking, reading, writing, spelling or arithmetic. They include conditions which have
been referred to as perception handicaps, brain injury, minimal brain dysfunction,
dyslexia, developmental aphasia, etc. They do not include learning problems that are
due primarily to visual, hearing or motor handicaps, to mental retardation, emotional
disturbance or to environmental disadvantage. (U.S. Office of Education 1968, p. 34)
Bateman (1992) offered her own definition. This definition proved to be significant
because it reintroduced Monroe’s earlier notion of measuring discrepancy between
observed achievement and expected potential as a way to identify students with learning
disabilities. Bateman’s (1992) definition follows:
Children who have learning disorders are those who manifest an educationally
significant discrepancy between their estimated potential and actual level of
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performance related to basic disorders in the learning process, which may or
may not be accompanied by demonstrable central nervous system dysfunction,
and which are not secondary to generalized mental retardation, educational or
cultural deprivation, severe emotional disturbance or sensory loss. (p. 34)
The work of these early scientists, medical professionals, and teachers helped frame
thinking around how students learn, how some students learn differently, and how
education and assessment might be inherently different for students with learning
disabilities.
Evolution of Standardized Tests as Accountability Measures
Tests that have been constructed and field tested to ensure a high degree of
reliability and validity are called standardized tests (Tileson, 2004). In an effort to raise
the quality of educational achievement for American students, the system of tests that
merely measured comparative, or normed, progress of students had to be changed to one
in which the content knowledge was specified first, and then student progress was
measured against how much of that knowledge had been acquired (National Council on
Education Standards and Testing, 1992). This recommendation began the system of
accountability and nationally mandated standardized tests. The goal of these new
standard exams was to promote high expectations rather than minimum competencies,
provide focus but not a prescribed curriculum, and be nationally administered,
mandatory, and dynamic. National standards were necessary to ensure educational
opportunity and equity for all young Americans, especially those not doing well in school
due to low expectations (National Council on Educational Standards and Testing, 1992).
Administrators and school personnel use these standardized tests to evaluate students and
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the quality of programs, schools, and districts (Berlak et al., 1992). Tileson (2004)
suggested that using standardized tests allows educators the ability to compare the scores
of students, determine whether the students are making sufficient progress, and make
decisions about teaching and learning.
The progression of legislation with the intention of improving education for all
children in the United States began with the Elementary and Secondary Education Act
(ESEA) originally signed into law by President Lyndon B. Johnson on April 11, 1965
(ESEA, 1965). While the major focus of this legislation was to improve the education of
students living in poverty, it began the evolution of mandated standardized testing
intended to build rigor in education, and provided accountability measures for schools
and districts. Reauthorized by President Carter in 1978 and President Reagan in 1981,
these efforts strengthened the focus on basic education, allocated financial resources to
the schools in most need, and provided local control of educational resource allocation.
The reauthorization in 1994 by President Clinton included the Improving America’s
Schools Act, which mandated the creation of core area standards and accountability
assessments for each. President G.W. Bush continued this education reform in the 2002
reauthorization of ESEA and renamed it No Child Left Behind (NCLB). The significant
measures of this bill included the mandate for annual testing in selected grades, specific
focus on underperforming groups, and protocols for reporting achievement scores to the
public. From this legislation, states were required to create standardized assessments. In
the context of the current study, the Washington Assessment of Student Learning
(WASL) commenced in 1997, became a graduation requirement in 2006, and was
replaced by the High School Proficiency Exams (HSPE)/Measurement of Student
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Progress (MSP) in 2010. The HSPE/MSP became a graduation requirement in 2012 for
Washington students and was used until 2015. Subject-specific End of Course (EOC)
exams in math and science were initiated in 2012 and continued to be used as a
graduation requirement for students graduating in 2017 (The Washington State Board of
Education, 2017).
Additional legislation in the 1997 reauthorization of the Individuals with
Disabilities Education Act (IDEA) provided legislation that required school districts to
include students with disabilities in mandated state tests as a function of access (IDEA,
1997; IDEA, 2004). These accountability measures continued to evolve, become more
specific, and carry weightier consequences for both students and school districts.
Thurlow, Lazarus, Thompson, and Morse (2005) claimed out-of-level testing, while
allowable by state control, became scores not included in the aggregate scores of the
student population, effectively removing students with disabilities tested in this manner
from reporting practices. While these out-of-level students were being granted the access
to take the test, their scores were not being represented in the aggregate score reports.
The moderate rate of transition in and out of special education presented a different issue
as it revealed an inconsistency of how students were categorized (Ysseldyke & Bielinski,
2002) and this flux to group membership further confounded the attempt to reveal
progress for groups of students with disabilities.
The most recent reauthorization of the ESEA was signed by President Obama on
December 10, 2015 and renamed Every Student Succeeds Act (ESSA). In a continued
national effort to strengthen and measure the success of school programs, the Common
Core State Standards (CCSS, 2018) have been adopted by 46 states . In alignment with
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the CCSS, the Smarter Balanced Assessment Consortium (SBAC) authored the Smarter
Balanced Assessment (SBA), which Washington State adopted verbatim in 2010 (SBAC,
2018). The SBA was piloted in Washington State in 2012, fully implemented in 2014,
and became a graduation requirement in 2017 for English Language Arts, and will
become a graduation requirement in 2019 for mathematics (OSPI, 2018; SBAC, 2018).
This current iteration of high stakes testing of Washington students is administered to all
public-school students in grades three through eight, and eleven, and is largely
administered via computer. Students are assessed on the test assigned to his or her grade,
regardless of the grade level of instruction that is provided in his or her classes (OSPI,
2018).
Among the stated reasons for Washington schools to shift to the SBA as cited by
the Office of Public Instruction (OSPI, 2019) included that 1) this test measures the right
standards, 2) is less expensive, 3) provides quicker results and 4) is more accessible to
learners with disabilities (OSPI, 2018). This progression of standardized testing used as
accountability measures for schools and districts, paired with the 1997 IDEA
reauthorization that required that all students - including those with disabilities - have
access to and are required to take the same assessments as their non-disabled peers, has
resulted in the current assessment protocols for Washington students. Recent legislation
in Endrew F. v. Douglas County, School District (2017) provided further support by
adding that a special education program must not be de minimus, or lacking significance
or importance. This legislation effectively raises the bar for the requirements of the
program for special education. No longer will minimum requirements be acceptable;
instead, rigorous and robust educational programming will be required. As our current
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state measure of school achievement is the SBA, combined with the looming graduation
requirements, results of Endrew F. vs. Douglas County School District may have the
potential to be significant to both the special education programs delivered and the
measures of which special education students are evaluated.
Opponents to High stakes Testing
Progressivist theorists of education are in opposition to both the standards based
movement and the high stakes testing model currently employed. Jerome Bruner (1960)
highlighted the importance of building curriculum where pervading and powerful ideas
are at the forefront. Kohn (2000) suggested that even quality assessments cannot cover
the depth and breadth of information presented to middle school students, and
assessments that pull to the surface pervading and powerful ideas are rarely well done in
a multiple choice or short answer format. Bruner (1960) also cautioned that the perceived
evolution of American high schools would include an element of competitiveness; one
that would require special care not only for students who are quickly moving through
material, but “more especially for the student - and he represents an important segment of
our younger population - who is not the fast, early, and steady producer” (p. 80). This
caution seems to speak directly to students with disabilities, and the care required to
measure their skills and abilities even though they may not be meeting standards at the
same pace as classmates.
Theorists who oppose high stakes testing claim concern of the validity for all
students and the inherent disadvantage for specific subgroups of students. Discussing
validity, Kohn (2004) argued that non-instructional factors explain most of the variance
among test scores when schools or districts are compared. The variance found in these
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tests are largely based in social or economic reasons (Kohn, 2000). Kohn (2004) asserted
that both students of color and those with disabilities are most disadvantaged in this
model of high stakes testing. If students with disabilities are required to participate in
high stakes testing, this disadvantage must be mitigated, frequently done so through the
use of testing accommodations. One example of appropriately mitigating the demands of
high stakes testing provided by Kettler (2015) is the accommodation of extended time. In
the example of extended time, students are able to complete the task without being
measured against a fluency marker. Kettler (2015) stated that this is “especially
appropriate for students with processing speed disorders” (p. 301). Addressing high
stakes testing specifically, Kohn (2004) claimed, “virtually all relevant experts and
organizations condemn the practice of basing important decisions, such as graduation or
promotion, on the results of a single test” (p. 55). A final validity concern raised is that
institutions cannot use the same test as both the lever and instrument to affect change in
the raising of standards, and as the tool used to measure achievement (Kohn, 2000). In
layperson terms, this equates to teaching to the test and results only in short term gains.
As previously stated, the SBA math or alternate high stakes test will be a graduation
requirement in the 2019 school year (OSPI, 2018) and the middle school SBA iterations
can be seen as practice or formative attempts to meet this standard.
The narrowing of curriculum is an unintended, yet inimical result of high stakes
testing (Berliner, 2011). Currently in Washington State, reading, writing, math, and
science are subjects that are scrutinized at this high stakes level, while civics, the arts, and
technical education are not. Berliner (2011) analyzed the amount of time spent on nonevaluated subjects and found substantial decrease in the time allocated to the non-
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evaluated subjects of social studies, physical education, art and music. Given a finite
amount of school time available, the minutes each day assigned to reading and math have
grown at the expense of other subjects in elementary schools. Of grave concern is the
connection between economic and other social factors to success on high stakes testing,
and a widening gap of opportunity for fine arts instruction for students attending schools
with a higher poverty rate than schools in affluent areas (Berliner, 2011). In following
the spiral curriculum theory (Bruner, 1960), a narrow or limited curriculum in the
elementary grades limits the opportunity to learn more deeply different topics through the
middle and high school years. Berliner (2011) asserted that “the more narrow the
curriculum is in youth, the less likely that the requisite background knowledge will be
available in later grades and in the real world” (p. 299). The opposition to high stakes
testing claim that the impact of the lessened focus on non-evaluated subjects, lack of
validity, especially for marginalized groups, and the narrowing of curriculum, create an
educational situation where best learning is not occurring in schools. Policy
development, education measurement construction, and a deep understanding of validity
are required to evaluate learning. Kohn (2000) and others debate if this is occurring in
the current paradigm.
Impact of Language Disability on Math Assessment
Specific Learning Disabilities (SLD) can be diagnosed in a variety of categories.
SLD in the category of language include disabilities in reading, writing, or
communication, (APA, 2014) and for students with language disabilities this can
manifest in struggles with fluency, comprehension, and the ability to clearly
communicate thoughts in writing. For students with SLD in reading and/or writing, the
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experience of taking a high stakes math test presents unique challenges that are perhaps
different from the challenges experienced on other subject area assessments (Costa,
Edwards, & Hooper, 2016; Uccelli, Barr, Menses, & Dobbs, 2015). A student with a
disability in expressive language could struggle to perform well on a math question that
requires him or her to construct an argument or explain his or her thinking. A student
with a disability in writing may struggle to respond in writing comparable to nondisabled peers (Beach, Sanchez, Flynn & O’Connor, 2015; Mokhtari & Velten, 2015).
Furthermore, reading and writing are closely related language skills (Shananhan, 2006)
and nuances of programmatic or specifically designed instruction often flow between
these related skills.
A student with a disability in reading may struggle to analyze or understand a
question presented in linguistic format. Fluency is an important element in the ability to
read, as reading without a certain level of fluency could cause a student to forget or
become confused from the first part of the question to the end. Other components to the
overall skill of reading, such as vocabulary, add to a student’s ability to comprehend
questions. Limited vocabulary, especially academic vocabulary, could inhibit a student’s
ability to successfully read and understand test questions. Fegans and Appelbaum (1986)
claimed that narrative skill, a subset of overall language, is a strong predictor of academic
success. The narrative skill is needed for deciphering word problems, essentially being
able to discern between words that add context and words that illuminate specifics of a
math problem. Each of these reading subset skills could be deficient for a student with a
reading disability; deficits in several of these subset skills compounds the challenge of
reading, comprehending, and being able to demonstrate learned skills in the area of
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mathematics. Students who have learning deficits in both reading and writing face
challenges in language based assessments, from reading and understanding the question
to organizing and writing the answer.
Uccelli et al., (2015) expanded the construct of the language skills needed to
achieve in school settings. These skills include the cluster of high-utility language skills
that support text comprehension, and illuminated that these sophisticated language skills
continue to develop through the upper elementary and middle school years. These skills
include the student’s ability to recognize and replicate an academic register; language
characteristics that indicate a body of writing was written for academic purposes rather
than casual use. Uccelli et al. (2015) further explored colloquial strengths in
conversational fluency as uniquely different from academic language fluency and the
impact this difference has on the students’ ability to perform academic tasks. Specifically,
Uccelli et al. (2015) distinguished this developmental shift in the degree of “lexical
precision for students moving from upper elementary to middle school grades” (p. 341).
This shift in lexical precision is imperative as students move to more linguistically
complex material in the middle and high school grades, and may be lacking or lagging in
students with specific learning disabilities in language. Lamb (2010) suggested that in
assessing a student with a learning disability in reading on any subject area including
math, the student may be unduly penalized twice, once for low reading performance and
once for low mathematics performance resulting from the student’s reading disabilities.
Factoring in these components of how language interacts or impedes the ability of
students with language barriers to achieve in academic tasks, it is questionable if the math
SBA is assessing only math constructs, or also language skills.
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Linguistic Complexity and Language Demand in Mathematics Assessments
Evaluating linguistic complexity is one method to quantify the impact of language
demand on math questions. Although there is not a unified definition in the field of
linguistics, Pallotti (2015) differentiated three discrete foci under the overall umbrella of
linguistic complexity: structural complexity or the formal properties of texts and
linguistic systems, cognitive complexity or the processing costs associated with linguistic
structures, and developmental linguistic complexity. Of primary interest to this
examination is developmental complexity, or the order in which linguistic structures
emerge and are mastered in first and second language acquisition. Students with specific
learning disabilities in reading and/or writing lag behind chronological peers in abilities
to read, interpret, and communicate their ideas using language. Assessments that
measure any construct through the vehicle of language are likely impacted by students’
emerging or mastered developmental complexity. Students who have advanced
developmental complexity show strengths through assessment processes, while students
with lagging skills in developmental complexity do not.
Cawthon, Kaye, Lockhart, and Beretvas (2012) noted that a student with a reading
disability might struggle to answer questions on a mathematics problem-solving task.
Specifically they called into question the validity of interpreting these results because
such results were unclear on if the performance represented the student’s reading skill or
mathematics problem-solving ability. Cawthon et al. (2012) further called into question
the validity and reliability of test questions that were rich in academic language, or
language that included vocabulary not frequently used in everyday speech. In
mathematics, this is often called the language of math (Redish & Kuo, 2015). For
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example, students with specific learning disabilities in reading may understand the
English word’s meaning, but if fluency is weak when reading a test item, this would
effectively slow down the reading process and interrupt the cognitive connections
necessary to successfully respond to the test item (Cawthon et al., 2012). For a student
with weak fluency, he or she may not be able to remember the key components of the
question throughout the entire question, thus limiting the ability to render an accurate
response based on reading ability, regardless of content or construct of the question.
The Language of Mathematics
Mathematics and language are inextricably intertwined (Molina, 2012). Given the
increased mandated federal testing, and in response to the National Council of Teachers
of Mathematics’(NCTM, 2000) defined standards of what students should know and be
able to do in mathematics, students are increasingly challenged on standardized
assessments to read, create, use, and comprehend numerous mathematical representations
as a way of demonstrating mathematical literacy (Matteson, 2006). Mathematicians have
been among the first to recognize mathematics as a language (Wakefield, 2000). Using
the simplistic definition of language offered by Harley (1995) that language is a system
of symbols and rules that enable communication, along with the purpose statement
offered by NCTM (2000), mathematics can be thought of as a language that must be
meaningful if students are to communicate mathematically and apply mathematics
productively. Berlak et al. (1992) noted that mathematics is a plural noun, not a single
subject, as it encompasses several related domains. Building on this premise, that the
language of mathematics holds the elements of its own language, we can explore learning
the language of math as similar to learning a second language.
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Wakefield (2000) claimed that the purpose of a second language is to
communicate in situations where one’s native language is ineffective. The purpose of
mathematical language is communication with others; the terms of this language become
useful only to the extent that their meanings can be shared (Berlak et al., 1992). Thus, it
would suggest that mathematics is both a language created by human beings and used to
communicate a specific set of technical information. Boero, Douek, and Ferrari (2008)
furthered this discussion and added that the language of mathematics requires a mastery
of one’s natural language, both words and structures, to incorporate this natural language
within the context of mathematical syntax. Molina (2012) expanded this discussion in
her claim that students experiencing a difficulty in mathematics may not be grounded in
reading English, but rather in understanding the language of math, and claimed that it was
irrelevant if the student was fluent in English or not. In looking at the two math problems
below, individuals not familiar with the language of math would fail to recognize that the
two tasks represent the same problem. To solve the second problem, one would need to
know the meaning of Σ, and the instructions laden in the language of math.
1) N = 1 + 3 + 5 + 7
4

2) Σ 2n – 1
n=1

Approaching the language of mathematics as a second language, Metsisto (2005)
presented that mathematics teachers do not need to become reading specialists to help
students read mathematical text, but they do need to recognize that students need help
reading in mathematical contexts. An additional struggle in the mastery of the language
of mathematics is that mathematics is a language of order (Adams, 2003), and students
need fluency in the rules that govern mathematical syntax or order, as well as fluency in
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the communicative properties of the symbols and words used to communicate
mathematical reasoning. The order in which operations are written or read is not
necessarily the order in which they are performed (Adams, 2003) and students must use
the order of operations clues to achieve the correct answer. The acronym PEMDAS
(parentheses, exponents, multiplication and division and addition and subtraction) is used
to help students remember the order in which operations are done. If a student were to
solve an equation left to right, as one would in English, he or she would achieve
inaccurate results, not from inaccurate calculations, but from failing to follow the order of
the language.
In DiGisi and Fleming’s (2005) work, literacy specialists working with struggling
readers in the math classroom realized that students needed to be taught how to read the
questions and write the answers to demonstrate mathematical understanding. The
complexities of the English language can be in part due to the lexical ambiguities that can
cause misunderstanding and dysfluency in students. Several linguistic and vocabulary
issues in the language of math exacerbate the struggles of students who also struggle to
read and/or write in English. Words with multiple meanings, homophones, words
sounding nearly alike, and technical vocabulary are all opportunities for students with
specific learning disabilities in language to misunderstand the vocabulary and open the
learning process to error (DiGisi & Fleming, 2005).
Metsisto (2005) claimed that “research has shown that mathematics texts contain
more concepts per sentence and paragraph than any other type of text; written in a very
compact style, with little redundancy” (p. 2). This parlance, or vernacular of
mathematics can further be categorized into technical mathematical vocabulary,
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procedural vocabulary, that which tells the student what to do, and descriptive vocabulary
that test writers use to provide context for the math problems (DiGisi & Fleming, 2005).
Technical mathematic vocabulary can further be categorized into words that have specific
mathematic meaning but are otherwise uncommon in everyday use, sub-technical
vocabulary that has more than one meaning depending on the content area, and symbolic
vocabulary that includes the special alphabet and non-alphabetic symbols used in
mathematics (Herner & Lee, 2005).
Polysemous terms. Herner and Lee (2005) claimed that mathematics includes
some of the most difficult and unfamiliar vocabulary for students, and without the proper
vocabulary, students face difficulties with the conceptual understanding. Polysemous
terms are terms that have multiple meanings, both within and between subjects. These
terms can add additional vocabulary impediments, and because these words are not
practiced with sufficient reinforcement, mastery is a challenge for some students. Clauses
that carry a specific mathematical meaning, but are also used in everyday speech, can
provide a different kind of misunderstanding. For example, what’s the difference in
everyday language can mean who cares, but in mathematical language it is a procedural
direction to subtract. Polysemous terms within the field of mathematics include degree,
which can be used to measure temperature, in statistics as a degree of freedom, and in
geometry as a degree of an angle. Examples of mathematical vocabulary that has a
different meaning outside of the math classroom include product, scale, and factor. Table
1 illustrates examples of polysemous terms that have a different meaning in different
contexts.
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Table 1
Polysemous Terms
Word

Mathematical context

Everyday context

Volume

Amount of space taken up by an object

Decibel level of sound

Product

Multiply

Item produced to sell

Ruler

Used to measure length

Person in authority

Cubed

Raised to the 3rd power

Cooking term

Face

Flat surface on a solid

Front of a head

Scale

Ratio of size

Used to weigh yourself

Range

Difference between two values

Stove

Building on the concept that mathematics has its own language and borrowing from the
teaching techniques in learning a second language, students draw on everyday
experiences and language to fill in or support that which is unclear. Given the specific
examples of polysemous vocabulary, this technique can be faulty for students trying to
use every day experiences to gain mathematical vocabulary context.
Homophones. Adding to this vocabulary struggle are homophones and similar
spellings. In class, a student could hear sum and some and lack the literary sophistication
to be able to discern if the teachers mean to add or a collection of. Homophones and
words with similar spellings can be confusing to students with language disabilities. This
dysfluency in language compounds the learning of math by slowing down the processing,
requiring students to first confirm the accurate meaning of the term, and then address the
mathematical question. Similar to polysemous terms, these terms introduce confusion to
the learning process. Given the trend in CCSS to practice real life examples (CCSS,
2018) and use descriptive vocabulary to add context, students may struggle to separate
terms that are being used in specific mathematical ways and terms that are added for
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contextual understanding. Table 2 provides several examples of homophones that might
cause confusion for students.
Table 2
Homophones
Mathematic word

Common word

Plane

Plain

One

Won

Whole

Hole

Weight

Wait

Two

Too

Eight

Ate

Assonance. Assonance refers to words that are near homophones, sounding very
similar. As stated above, these nuances of language proficiency or deficiency impact
students’ abilities to fluently work through word problems and stay on pace with the
class. The small difference between the words of and off create important mathematical
meaning when used in word problems such as “the percent of something is quite distinct
from the percent off something” (Metsisto, 2005, p. 14). Paired assonant words such as
quart and court, altitude and attitude, sphere and spear, can introduce vocabulary based
misunderstandings, which can lead to inaccurate responses grounded in a language error
rather than mathematical reasoning error. These examples provide context for why
vocabulary and reading fluency prove to be important elements in the learning of the
language of mathematics, and why students with disabilities in reading struggle with
deciphering and responding to math questions, apart from math reasoning or calculations
presented in the problem.
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Matteson (2006) claimed the complex nature of mathematical concepts is further
complicated by the compactness of presentation, such as understanding the meaning of a
formula. Mathematicians describe a deceptively simple expression as eloquent. The
eloquent compact presentation of mathematical expressions offers yet another area for
students with disabilities in language to struggle (Matteson, 2006). Her example
explained that students were often presented a question using one representation
categories (verbal, symbolic, graphical, or numerical) and asked to respond in a different
representational category. This translation between representational categories, the use of
technical and confusing vocabulary, and the compact nature of the language of math
combine to create a situation where a student with disabilities in reading and/or writing
might face challenges in math achievement that ultimately are not based in math ability.
These elements are apparent in the math SBA questions (see Appendices A, B, and C for
sample questions for grades six through eight that require students to translate between
representational categories, decipher technical vocabulary, and discern between
vocabulary that provides context to the question and vocabulary that gives mathematical
direction). The development of mathematical literacy involves learning the terms, signs,
symbols, and rules for use of language and simultaneously, learning to read and write
messages in that language in order to communicate with others (Berlak et al., 1992).
These are all skills that students must be able to do to show mathematical proficiency on
the math SBA.
Language-based issues in mathematics are problematic for all students (Molina,
2012). Unfortunately for students with reading disabilities, concepts in mathematics that
are actually quite simple and can be presented in a way that is far more complex than
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necessary to convey meaning (Matteson, 2006). Teachers can support mathematical
language learning by using cognates, or words that derive from the same Latin origin.
DiGisi and Fleming (2005) recommended that teachers instruct students to recognize
types of vocabulary used in math questions, provide students with strategies for reading
the questions and identifying what they need to do, and most importantly, provide
students with ample opportunities to practice explaining their thinking or showing their
work. Teachers can strengthen clarity by avoiding being inexact in their own language,
and in disallowing the perpetuation of inexact use of mathematical language. As an
example, in a rudimentary lesson on geometry, a teacher could ask the class to select the
bigger half, this is erroneous and misleading, as by definition, half describes an equally
divided whole. An example of perpetuating inexact language offered by Matteson (2006)
that some secondary students used the term graph to represent the grid itself. In precise
mathematical language, the graph as a noun is a diagram showing the relation between
variable quantities, each measured along one of a pair of axes at right angles. As a verb,
to graph specifically means to plot. Explicit language by the teacher, and accountability
to the students to use explicitly correct language, strengthens mastery of the language of
mathematics.
Borrowing from strategies used in teaching students a second language, teachers
of mathematics must constantly and consistently model both languages (Wakefield
2000). Molina (2012) supported this approach, suggesting that it “may be obvious that
language is as critical in mathematics as in any other discipline, the role of language in
mathematics entails far more than vocabulary or definitions, encompassing a broad
landscape of language based issues” (p. 2). Given these elements and approaching the

40
learning of the language of mathematics as similar to a second language, it is plausible
that students with reading and/or writing disabilities would struggle to learn the language
of mathematics to a greater degree than peers without disabilities.
Accommodations in High Stakes Testing
Inextricably linked to high stakes test taking is the use of testing accommodations
for students with disabilities. The use of accommodations on standardized tests is not
only allowable, it is required. Testing accommodations fall into four general categories:
alterations to the presentation/response format, timing/scheduling, setting, and assistive
technology (Elliott, Kratochwill, & McKevitt, 2001; Fuchs, Fuchs, & Capizzi, 2005;
Jamgochian & Ketterlin-Geller, 2015). Called supports on the SBA, universal supports
allowed under the Directions for Administration (DFA) for all students (SBAC, 2018),
might include the use of an electronic highlighter, computer assisted spell check, English
dictionary or English glossary, and the ability for students to manipulate the print. For
students with disabilities, designated supports are allowed under the DFA and are
provided by the testing administrator as defined in the student’s Individual Education
Plan (IEP). These designed supports are allowable on all sections of the SBA and include
items such as text-to-speech, color contrast, and the ability to request that tools be turned
off for a student who might find them distracting (SBAC, 2018). The use of testing
accommodations within standardized testing protocols is a direct result of the 1997
reauthorization of the IDEA, which requires that all students with disabilities be offered
access to the assessment opportunities offered to non-disabled peers (IDEA, 1997;
Thurlow et al., 2005), and allow students to earn valid, but not necessarily optimal scores
(Fuchs et al., 2005). Ketterlin-Geller, Yovanoff, and Tindal (2007) clarified the
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importance of the use of testing accommodations for students with disabilities in their
claim that “accommodations supports students with disabilities by removing construct
irrelevant variance caused by physical, cognitive or sensory barriers to accessing the
material” (p. 331).
Testing accommodations are considered effective if they do not change the
construct of the test, and provide needed differential boost or benefit to students with
disabilities when compared to students without disabilities (Kettler, 2015). Elliott et al.
(2001) researched the frequency and impact of common accommodations, and
specifically focused on math and science high stakes assessments. Researchers reported
that extended time, an example of a timing accommodation, was one of the most
frequently employed tools, and did not appear to affect the construct being measured.
Study results showed that a majority (75.5%) of students with disabilities showed a
medium or large positive effect on achievement scores, while approximately half (55%)
of the students without disabilities showed a medium or large positive effect on
achievement scores when granted the accommodation of extra time. This positive
improvement for all students appears to have been considered on the development of the
SBA, as all sections of the SBA allow for extended time for all students. Another
frequently employed tool is the read aloud or text-to-speech accommodation. This is an
example of a presentation or format accommodation. Elliott et al. (2001) reported that in
the cases studied, human readers or audiotaped readers provided the strongest effect on
scores across grade levels and subject areas for both students with and without
disabilities. Dolan, Hall, Banerjee, Chun and Strangman (2005) also studied the text-tospeech accommodation and found that while it had a negligible impact on short reading
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passages (2% gain), this accommodation showed a significant impact for students with
disabilities on longer reading passages (21.7% gain). Cho, Lee, and Kingston (2012)
further studied the effectiveness of testing accommodations for math assessments and
found similar results. Their study also suggested that students with disabilities who have
high academic ability may be better able to make effective use of accommodations.
Accommodations are intended to reduce the impact of personal characteristics that may
limit a student’s ability to show what he or she knows and can do, and when
appropriately implemented, will help teachers and school officials unravel the interaction
of group membership (e.g., students with and without disabilities) and the differential
benefit of accommodations (Ketterlin-Geller et al., 2007).
Researchers disagree on the validity of the resulting achievement scores when
testing accommodations are used on standardized tests. Cook, Eignor, Sawaki, Steinberg,
and Cline (2010) investigated the use of testing accommodations in standardized
assessments, specifically if the use of testing accommodations evaluated a construct
differently when the same construct was assessed under standard conditions. Cook et al.
(2010) sought to determine if accommodated assessments ultimately lead to more valid
interpretations of student achievement reported on standardized assessments. Results of
this study showed that reading and writing constructs were highly correlated, and that the
goodness of fit indicators could not be consistently interpreted. Cook, et al. (2010)
ultimately found in their study that the assessment held some degree of validity when
students with disabilities were accommodated. Crawford and Ketterlin-Geller (2013)
argued that when accommodations were appropriately used on a standardized test, the
resulting score had higher validity because said accommodation removed barriers that
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were connected to the student’s disability. This echoes the conclusions in Dolan et al.’s
(2005) research that concluded, “any testing solutions that reduce construct irrelevancy
will improve the validity of decisions made upon test scores” (p. 25). This research
seems in opposition to the findings in Cho et al. (2012) who found no consistent
interaction between a student’s accommodation status and academic ability. As the
research is inconsistent, it leaves practitioners and policy-makers without clear answers
as to how best to support students with disabilities in high stakes testing situations.
This question of the use of testing accommodations is an important component to
the validity and interpretability of resulting assessment scores. Two unanswered
questions remain: if accommodations alter or do not alter the construct being measured
and if so, how should educational professionals interpret the resulting assessment scores?
To comply with the IDEA for students in special education, accommodations must be
offered. In the procedures for the SBA, universal accommodations are available to any
student, general or special education, and designated supports are appropriate for students
served in special education. It is yet undetermined if these accommodations provide a
statistically significant boost to the scores of non-disabled students. The answer to this
question is important because it will add to the overall understanding of how to measure
constructs with and without accommodations on high stakes mandated assessments.
High Stakes Consequences and Options for Secondary Students
In 2019, the successful passage of the mandated math SBA has high school
graduation implications, subject to changes in state law (OSPI, 2018; SBAC, 2018). This
practice of withholding graduation if the student was unsuccessful in meeting standard on
high stakes testing has been affirmed through litigation (Brookhart v. Illinois State Board
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of Education, 1983; Rene v. Reed, 2001) as appropriate if certain conditions are met
(Amrein-Beardsley, 2009; Yell, Katsiyannis, Collins, & Losinski, 2012). These
conditions include1 1) the requirement that all students, including those with disabilities,
must be required to pass the same exit exam to graduate, 2) all students must be given
adequate notice that the test will be required to graduate, 3) the test must be fair, thus
assessing that which is taught, and 4) that students with disabilities must be permitted to
utilize reasonable accommodations. Given these elements, the SBA meets the definition
offered by Haladyna (2006) that high stakes testing is a test where the resulting scores are
used to determine consequences such as entrance or denial to advanced classes,
graduation or promotion, and other significant opportunities for students. Students with
specific learning disabilities may intend to further their education after high school and
the expectation of meeting standard on these high stakes tests may be an unfair roadblock
to an otherwise capable student.
Some secondary students with diagnosed learning disabilities find it difficult to
meet standard on high stakes exams (Thurlow, Albus, & Lazarus, 2015). On the SBA,
any student who does not meet standard on the high school exam will be allowed
additional attempts (OSPI, 2018); however, students with multiple failed attempts may be
obligated to pursue alternates to meeting the graduation requirements of being at standard
on high stakes exams. Examples of allowable alternatives to meeting standard include a
collection of evidence, taking an off-grade level test, having the cut score lowered, or
utilizing a grade point average comparison to prove that the student has mastered the
material (OSPI, 2018). Students requiring an alternative to this graduation requirement
may aspire to pursue a higher level of education and the lack of a traditional high school
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diploma could be a hindrance to admittance to higher education institutions. Prior to
diploma issuance, students with multiple failed attempts may also be denied access to
higher-level coursework. Students may be placed in remedial or support classes,
effectively denying the student opportunities such as advanced classes or additional
electives, courses that are available for non-disabled peers. However, under the typical
six-period day constriction, these classes would not be made available to students served
in special education if the student faced a competing interest of the aforementioned
support class. These advanced classes or additional electives could be seen as the
educational best fit for students with reading and/or writing disabilities. Again this
conflict speaks to access – Are students with disabilities afforded access to the same
educational opportunities as afforded typically developing peers?
Validity and Construct Validity
Validity refers to the credibility of experimental results, the degree to which the
results can be applied to the general population of what is being studied (Kallet, 2004)
and the degree to which each interpretation or use of a test score is supported by the
accumulated evidence (American Educational Research Association [AERA], 2014).
One component to overall validity, internal validity, refers to the credibility of a study
and is determined by the degree to which conclusions drawn from an experiment
correctly describe what transpired during the study, and that no other variables were
actually the cause of the results (Trochim, 2006; Vogt, 2005). An example of a threat to
internal validity is failure to identify alternate reasons for the results of the construct
being studied. If a study examined differences related to gender on achievement and did
not include examination of aptitude or giftedness, the interpretation of the results could
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be faulty. External validity, another component to overall validity, refers to whether and
to what degree the results from a particular student can be generalized to a larger
population (Vogt, 2005). Threats to external validity are well documented (Gall, Gall, &
Borg, 2006) and include the categories of history, maturation, testing, instrumentation,
regression, selection, and experimental mortality. An example of a threat to external
validity is attempting to make a generalization to a population that is dissimilar to the
participants that were initially studied. Careful attention to threats to validity increase the
strength of the results of an examination.
The Smarter Balanced Technical Report (2016) stated that the SBA “adheres to
the Standards as prescribed by AERA” (p. 22) and includes the essential validity
elements of careful test construction, adequate score reliability, appropriate test
administration and scoring, accurate score scaling, equating and standard setting,
attention to fairness, equitable participation, and access. SBA authors claimed that bias is
minimized through universal design and accessibility resources (Smarter Balanced
Technical Report, 2016), and include the availability and assignment of test
accommodations that are available for all students, including students with disabilities.
The directions for administration assure that these assessments are administered in a
standardized manner sufficient to yield data that support valid inferences (Smarter
Balanced Technical Report, 2016). Content validity addressed in the same report lies in
the premise that the knowledge, skills, and abilities measured by the Smarter Balanced
assessments are consistent with the ones specified in the Common Core State Standards
(CCSS, 2018). The Smarter Balanced test authors concluded that validity is an ongoing
process, including shared responsibility between the test authors and the test
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administrators. Caution is needed especially in the interpretation of standardized test
results used in manners not intended by test authors (Smarter Balanced Technical Report,
2016).
Messick (1989) described construct irrelevant variance, or non-construct variance,
as one way to explain systematic error. Systematic error is error that does not occur by
chance, but rather by an inaccuracy inherent in the measurement tool (Trochim, 2006).
Addressing systematic errors in standardized testing is critical for the validity (Drost,
2011) and resulting interpretability of the student scores. Systematic errors can be
difficult to detect and difficult to analyze statistically, because all the data varies in the
same direction. Elements of construct-irrelevant variance or non-construct variance found
in high stakes tests call into question the validity of an assessment designed for typically
developing students when taken by students with a specific learning disability. Given the
high stakes nature of these accountability measures, and the implications for students on
resulting scores, construct validity is of prime importance.
Haladyna and Downing (2004) described construct-irrelevant variance as error
that arises from systematic error. Systematic error can be compared with random error,
defined as the difference between any observed and true score for each student.
However, random error is uncorrelated with true and observed scores. Systematic error is
not random, but is group or person specific (Haladyna & Downing, 2004). In the case of
high stakes testing, this is a mathematical computation for the variance or difference
between the measurement of the stated construct and the achieved score. This variance is
a result of a variable unrelated to the construct being measured. Systematic errors are a
main concern of validity because systematic errors do not cancel out (Drost, 2011).
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Instead, they contribute to the mean score of those being studied, causing the mean value
to be either inflated or deflated. If evidence is found that systematic error exists in a test,
validity and interpretability are compromised.
Construct validity refers to how interpretable the results are, or to the degree that
inferences can be made from a study (Trochim, 2006). In other words, construct validity
can be seen as a labeling issue, does the test claim to measure what is actually measured?
If a test is weak in construct validity, interpretations must be made with caution. In
following the previously offered definition of high stakes testing, the interpretation of the
resulting scores has significant and lasting results. Haladyna (2002) furthered this
discussion of interpretation of test results and made the claim that standardized testing for
groups of disadvantaged students – e.g., students from poverty, with limited English
proficiency, and with disabilities, must be done with precise focus on purposeful
disaggregated reporting. In the current SBA model, student scores are reported as a
continuous point total, with a predetermined cut score; point totals below this cut score
are deemed not at standard and point totals above are deemed proficient or above
standard. This reporting system is identical for all students.
The basis of construct validity and construct validation was described by
Cronbach and Meehl (1955). Building on the premise that construct validity and
validation are not mechanical computations, and are never thoroughly complete, others
have sought to describe methods that continue on this goal. Shepard (1993) added to
Messick’s (1989) definition of construct validity by asserting that the first requirement is
a clear definition of the purpose of the test, and after the purpose is agreed upon, then the
appropriate validity measures can be applied. In the cases of high stakes tests such as the
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Scholastic Aptitude Test (SAT) and American College Test (ACT), Shepard (1993)
outlined how these important tests for college entrance have failed to follow this premise,
and this created the opportunity where a student might be erroneously accepted or denied
entrance to college based solely on a measure that was not validated for that purpose.
Haladyna (2002) described several ways to evaluate validity, suggesting that analyzing
test structure validity is a time-consuming task and cautioned that validity analysis is
typically directed at specific interpretations and uses, not all interpretations. It is feasible
that individuals in school systems using the scores from standardized tests such as the
SBA will lack deep knowledge in test item validity, and may interpret the resulting scores
in ways not intended. One method suggested by Haladyna (2002) that is specifically
targeted to test item construction is to evaluate test item responses and to seek patterns of
differences between groups and over time. Given that the SBA is a relatively new test,
evaluating differences over time between groups has not yet been studied.
Haertel and Lorie (2004) continued this discussion and added the element for
standards based test validation of the cut score. The placing or selecting of the cut score
for any standards based measurement must be closely aligned to the defined performance
standard, or the agreed upon conception of the minimum acceptable level of proficiency
on the measured construct. With an agreed upon minimum proficiency marker, the cut
score can be established so that passing or meeting standard generally indicates that a
student is accurately described by the performance standard, and the performance
standard is accurately described by the student (Haertel & Lorie, 2004). OSPI reports
that the cut score for meeting standard is in flux; a new cut score will be named as this
test moves to tenth grade. OSPI also reports that two different cut scores will denote
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students college ready as opposed to acceptable for high school graduation (OSPI,
2018). Using the computer adapted testing procedures, once a student answers questions,
either correctly or incorrectly, subsequent items are presented based on the accuracy of
the student’s responses and difficulty of the questions (Shapiro, Dennis, & Fu, 2015).
Reporting procedures for the SBA include an individual confidence interval, a
mathematically computed range for which the true score of the student’s achievement on
a particular test will lie. A narrow confidence interval would indicate that the reported
score is close to the predicted score if the student were to take the test again on a different
day (Veldkamp, 2016). Said a different way, a narrow confidence interval would lead
educational leaders to make inferences on the reported score that it is more reliable. A
wide confidence interval would lead educational leaders to the conclusion that perhaps
the student was engaging in a great deal of guess work, and thus, the true score, if the test
were taken on another day, might be much higher or lower than the reported score.
Understanding how these confidence intervals reveal additional information about
students’ abilities is imperative when approaching the high stakes consequences for
students.
Empirical Studies
Construct validity in Key Math Revised assessment. Rhodes, Branum-Martin,
Morris, Romski, and Sevcik (2015) presented research addressing this question of
construct validity in high stakes testing. This research began with the premise that
mathematics ability alone does not predict mathematics test performance; linguistic
demands may also predict achievement. This research was focused on the Key Math
Revised (Connolly, 2007) assessment, which is one test often used for special education
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evaluation, or tests used to identify and qualify students for special education. This
research sought to quantify if language, mathematics, or a combination of skills in
language and mathematics was a statistically significant predictor of math achievement.
This analysis sought to add to the literature characterizing the construct validity of
the Key Math Revised (KM-R) for students with less severe language disabilities. A
sample of 264 participants from an urban Atlanta school district was selected, and
analysis was conducted on demographics, including chronological age, Peabody Picture
Vocabulary (Dunn & Dunn, 2007) language age, students’ intelligence quotient, current
grade, and mother’s and father’s years of education. Of note, the sample represented 64%
male students. This over representation of male students in special education is well
documented, even at elementary grades (Coutinho & Oswald, 2005; Piechura-Couture,
Heins, & Tichenor, 2013).
This same study used Confirmatory Factor Analysis (CFA) to address the central
research question; neither language alone nor mathematics skills alone were found to
have a good fit to the model. However, when allowed to covary and to evaluate language
and mathematics skills together, a good fit was found to the model. In detailed inspection
of results, items toward the beginning of the test protocol were more highly laden with
language skills, and successful completion of these items was more highly predicted by
language skills. Items more toward the end of the subtests tended to be more highly
predicted by mathematics skills. Several items in the KM-R (Connolly, 2007) were
entirely predicted by language, while only one item was predicted entirely by
mathematics.
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Rhodes et al. (2015) concluded that language ability appeared to have a threshold
effect; that is, participants with language skills high enough to succeed on the items at the
beginning of the test could access the items predicted largely by mathematics abilities
toward the end of the test. They concluded that only students with high language skills
can access the questions on the KM-R (Connolly, 2007) math test that have high
predictability for mathematics skills, thus excluding language-deficient students from
exhibiting certain mathematical skills that they might indeed possess. This research adds
to the growing body of research on how to evaluate math skills in questions that are laden
with language tasks.
This same issue of students not having access to the questions that may be more
predictive of math ability is true on the computer-adapted section of the SBA math test.
The program is designed to follow a test blueprint and monitors correct and incorrect
student answers. The program provides an individual student with different questions
dependent on correct and incorrect answers, until conditions are met to ascertain a valid
score (SBAC, 2018). Specific to the math test, students are also asked questions in and
out of the grade span, in the effort to precisely evaluate the students’ knowledge. If the
student does not correctly answer the questions in the first two thirds of the assessment,
the remaining questions are either not asked, or are asked from a lower grade level set of
questions. This is elemental to the question of validity for the SBA math assessment, if
the students fail at initial or easier questions that are more heavily laden on language
constructs, are they given the opportunity to see and answer questions that are less
heavily laden on language constructs and more predictive of higher mathematics skills?
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Parallel Research for English Language Learners. Research on how limited
language affects assessments is robust when discussing students learning English as a
second language. This body of research is of interest to the current study because
although the dynamic nature of language acquisition is different for students learning
English rather than students with disabilities in language, the effects on assessment seem
to be similar. Shaftel, Belton-Kocher, Glasnapp, and Poggio (2006) provided a link
between the study of students with disabilities and students learning English while being
assessed in mathematics.
Cormier, McGrew, and Ysseldyke (2014) evaluated the linguistic demand of the
Woodcock-Johnson Test of Cognitive Abilities for students who were learning English
and found that three items significantly rated as high in linguistic demand: verbal
comprehension, general information, and concept formation for middle school aged
students. This seems to follow a parallel discussion to students with disabilities in
language at least in the concept of verbal comprehension. Cormier et al. (2014)
concluded that the significant results obtained were also for some “native English
speakers, such as children and adolescents who have speech and language difficulties,
given that their scores may also be attenuated due to this testing variable” (p. 620). This
study provided insight into the analogous relationship between the study of language
difficulties for students learning English as a second language and students struggling to
master the elements of language as a function of disability.
Abedi and Lord (2001) studied the construct of assessing mathematics
achievement for students who struggle communicating in English. In this study,
researchers found that the discrepancy between performance on verbal and numeric
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format problems strongly suggested that factors other than mathematical skill contributed
to student success in the ability to solve word problems. They concluded that dysfluent
academic vocabulary impacted students’ ability to perform as well on mathematics
questions as the same construct evaluated solely in numeric fashion. This research also
reported the largest differences in math performance to be found between students in
different math classes; students from remedial math classes, while controlling for English
Language Learning status, posed the highest improvement score between standard
questions and questions on the same math construct with simplified language.
Thomas, Van Garderen, Scheuermann, and Lee (2015) expanded this discussion
of evaluating mathematic achievement by clarifying the concept of the language of
mathematics as having both expressive and receptive aspects. The receptive skills of
speaking and listening, are claimed to be developmental skills, whereas the reading and
writing skills are claimed to be learned skills. This research focused on the language
demands in the discipline of mathematics, specifically in technical vocabulary and
question construction. Specifically, the vocabulary demands are in words that are used
differently than in everyday speech, such as thousand and thousandth, in words that are
rarely used in everyday speech such as coefficient, or in words that hold an entirely
different meaning in a math context such as prime. For students with limited language
proficiency, using context or construct clues is a tool that is less helpful when
approaching a math question. Extraneous or distractor information is more difficult to
extract and discard, and information in tables is not necessarily read from left to right.
Sentence structure clues also may be less helpful. For example, the main idea may not be
at the beginning of the sentence, and the cue words such as first, next, and finally, may or

55
may not provide relevant information. Providing math assessments in simplified language
provides one opportunity for students struggling with the language of the questions to
show ability in mathematical skills (Haag, Heppt, Roppelt, & Stanat, 2015). Again, the
principal question of whether assessments are measuring math constructs or being
confounded with language issues persists.
Conclusion
Students who are served in special education for specific learning disabilities in
reading, writing, or both reading and writing, are required by law to receive the
opportunity to access all components of a public-school setting, including the federally
mandated high stakes testing. The current high stakes test for middle school students in
46 states is the SBA. This exam is aligned to the Common Core State Standards (CCSS,
2018). Although parents can exempt their student from this test, in 2019 the successful
passage of the SBA math test or alternative will be a graduation requirement (SBAC,
2018). This meets the description of a high stakes test as defined by Haladyna (2006) as
having substantial consequences that are highly impactful in large-scale events such as
graduation and issuance of a standard diploma.
Middle school SBA exams can be viewed as practice opportunities to this high
stakes high school testing experience. Middle school students with specific learning
disabilities in language may be secondarily impacted by these disabilities in their ability
to achieve at predicted levels on the SBA math test. This question, whether the construct
of math ability is accurately measured in this high stakes test, absent of the confounding
variables of reading and writing abilities, is yet to be determined, especially in the SBA
Claim 3 of Communicating Reasoning which includes explain your thinking and
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construct an argument (SBAC, 2018). Confounding the issue further is the selection and
application of allowable accommodations. The validity of the resulting achievement
score must be ascertained before these scores are used to offer or withhold access to
higher-level classes, determine promotion, or other weighty consequences for students
with disabilities.
While there is much research in the validity of high stakes testing of students with
disabilities in the area of disability (Hock, Brasseur-Hock, Hock, & Duvel, 2017; Parkin,
2016; Reed, Cummings, Shaper, & Bincarosa, 2014), research is less robust in the study
of non-construct variance and construct validity on a high stakes math test for students
with language disabilities. Parallel research is robust in the area of language deficits in
English Language Learners on the impact of math achievement and offers similar models
to consider. This research aims to add to the growing body of evidence in high stakes
testing for students with disabilities and validity questions on the interpretation and use of
these results.
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Chapter 3: Methods
Introduction
The purpose of this study was to examine if the math Smarter Balanced
Assessment is a valid instrument for assessing students with specific learning disabilities
in reading and/or writing. Specifically, this study was an effort to contribute to the gap in
the literature regarding the high stakes nature of the current federally mandated
assessments. Additionally, this investigation attempted to contribute to the establishment
of a pathway for future research in valid assessment of students with disabilities,
including the use of accommodations and the evaluation of confidence intervals that are
reported with individual student SBA scores. This chapter describes the methods and
procedures that were used to measure the impact of a specific learning disability in
reading and/or writing on the SBA math score. Information on the participants, sampling
procedures, and group design are first detailed. Next, data collection and study
limitations are described. Finally, ex-post facto research design with a one-way Analysis
of Variance (ANOVA) follows, including independent and dependent variables, and
analysis of effect size using eta squared (ƞ2).
Research Questions
The following are the research questions examined:
1. Is there a statistically significant difference on SBA math scores between students
with reading disabilities and students who do not have disabilities?
2. Is there a statistically significant difference on SBA math scores between students
with writing disabilities and students who do not have disabilities?
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3. Is there a statistically significant difference on SBA math scores between students
with both reading and writing disabilities and students who do not have
disabilities?
Hypotheses of the Study
•

Null hypothesis 1: There is no statistically significant difference on SBA
math scores between students with specific learning disabilities in reading and
students without disabilities.

•

Null hypothesis 2: There is no statistically significant difference on SBA
math scores between students with specific learning disabilities in writing and
students without disabilities.

•

Null hypothesis 3: There is no statistically significant difference on SBA
math scores between students with specific learning disabilities in both
reading and writing and students without disabilities.

Participants and Sampling
The population from which the sample was selected was comprised of middle
school students from a large suburban school district in Washington State. Five large
comprehensive middle schools ranging in size from 900 to 1,100 students comprise this
district. This district reported a total student enrollment in grades K-12 of 20,040 in 2016,
with 7.9% receiving free/reduced lunch and 8.9% receiving special education services.
District-wide attendance rate was high, with a minimal 0.3% unexcused absent rate for
the 2015-16 school year. The ethnicity report as of October 2015 for the entire district is
reported in Table 3. The remaining 0.05% percentage were comprised of Native
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Hawaiian, Pacific Islander, American Indian and Alaskan Native students; these groups
were so small that they cannot be reported in this table without risking privacy violations.
Table 3
Ethnic Distribution of District
Ethnic Group

District Averages

Asian

25.5%

Black

1.7%

Hispanic/Latino

7.8%

Two or more races

6.8%

White

57.3%

Table 4 shows the SBA math district average scores were substantially higher than the
Washington State SBA math average scores in 2016.
Table 4
District vs. State Average Math Scores
District SBA Math

State SBA Math

Grade

Average Scores

Average Scores

6th grade

75.1%

48.0%

7th grade

76.6%

49.8%

8th grade

78.5%

47.8%

Participants for the comparison group were all students in grades six through eight
in the 2015-2016 school year who had a specific learning disabilities in reading and/or
writing and a current Individual Education Plan (IEP). The comparison group was
comprised of 65.1% boys and 34.9% girls. Participants in the control group were
randomly selected from a convenience sample of all district students in grades six
through eight in the 2015-2016 school year who did not have a disability, and were
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assigned to grade level math class. The decision to exclude students in advanced math
classes addressed a potential confounding variable of individual math talent and/or
additional advanced math instruction. In the 2015-16 school year, 47% of seventh and
eighth grade students selected an advanced math class. Participants in the control group
were randomly selected in a stratified sample to match the comparison group gender
ratio, and were comprised of 76.47% males and 23.53% females. Participants ranged in
age from 10 years 8 months to 13 years 10 months. The sample in the study included 64
sixth grade students, 71 seventh grade students, and 74 eighth grade students.
Students were assigned to the three comparison groups according to disability;
Group 1 (control) was comprised of students without a disability, Group 2 was comprised
of students with only a reading disability, Group 3 was comprised of students with only a
writing disability, and Group 4 was comprised of students with comorbid reading and
writing disabilities. Students with disabilities in math, communication, or behavior were
excluded from this study. This decision was made to eliminate a potential confounding
variable of additional disabilities or learning struggles in mathematics. This district does
not offer remedial math classes outside of special education classes. In the comparison
groups, no students were concurrently receiving support as English Language Learners.
While this was unplanned, it also addressed a third confounding variable of English
Language acquisition. All students in the studied group claimed English as the language
spoken at home and did not receive additional supports for language acquisition while at
school. To assure fidelity to the conditions of the comparison and control group, a 10%
random sampling of each group was verified by inspection of individual student
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cumulative files. No students meeting the conditions of the comparison group were
excluded from the study.
Middle school participation in the SBA was high for both this district and
Washington State with a 98% participation rate for both the district and state in 2016
(OSPI, 2018). As allowed by the Smarter Balanced Assessment Consortium and the
federal government, students could be opted out of this assessment by their parents.
During the 2015-16 school year, less than 3% of middle school students in the district
opted out of the SBA as requested by their parents. This high participation rate suggests
that the sampling pool was representative of the district.
Instrumentation and Data Collection
SBA scores were extracted using the Query function of Skyward, the data
management system for this district. For analysis, variables of age, race, language,
disability, English Language Learner (ELL), gender, grade, linear score on the SBA
mathematics, ordinal score on the SBA mathematics, confidence interval for the SBA
math score, and the current math course were available. Social Economic Status (SES)
was not available for this study. The district superintendent provided consent for access
to this data, and students were reported with identifying numbers rather than student
names to assure confidentiality of data. As this was an ex-post facto study, an
institutional review board was not deemed necessary.
All students participated in the computer assessment within a four-week period in
late spring of 2016. Students who took the test in paper/pencil form as determined
appropriate by the individual student’s IEP, were scored using the same criteria as
students who were assessed via a computer. Accommodations were utilized, both
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universal and designated supports, as allowed for students on the SBA. Universal
supports are those which are available to all students based on student preference,
selection, and recommendations by a known adult. These include but are not limited to:
digital calculator, breaks, spell check, and highlighter functions on the computer based
assessment. Designated supports are provided by an informed adult who has knowledge
of the unique needs of the student such as a teacher or parent. These designated supports
include but are not limited to: contrast of background and text, text-to-speech, and the
ability to turn off universal tools that might provide a distraction to the student. Analysis
of the impact of these accommodations on achievement scores is beyond the scope of this
study.
SBA scores are reported in two ways: as a linear score, between 2,473 and 2,652,
and as ordinal data, with scores of 1 and 2 considered not-proficient and scores of 3 and 4
considered proficient. The cut score is determined by the test authors and is the score of
which scores above are deemed proficient. Table 5 illustrates specific minimum and
maximum possible scores along with the cut score for grades six, seven, and eight (SBA,
2018).
Table 5
Smarter Balanced Math Score Information
Grade

Minimum poss.

Cut score

Maximum poss.

6th grade

2,473

2,552

2,609

7th grade

2,484

2,567

2,634

8th grade

2,504

2,586

2,652

Under examination for this study are the math scores on the SBA for students
with reading and/or writing disabilities. Administration protocols of this assessment were
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scrutinized by testing officials and building test coordinators were required to report all
testing anomalies. For the 2015-2016 administration of the SBA, the district assessment
coordinator report claimed no testing anomalies were reported for any student included in
this study.
This test is untimed and each student may continue testing until he or she
independently determines that he or she is finished. Students may complete different
sections of the test on different days. The Smarter Balanced Assessment Consortium
published data about reliability and validity of this test in the Smarter Balanced Technical
Report (2016) and the overall reliability and validity statement is presented in Appendix
D. Test authors reported that overall estimated reliability coefficients were high and in
the acceptable range for a large scale, high stakes test (SBTR, 2016). Although the
reliability coefficients are lower for individual claims, test authors reported that this is
expected, as the number of items in the individual claim sections is smaller.
Design and Procedures
The research design of this study was ex-post facto and it examined the
relationship of reading and/or writing disabilities on SBA math scores. All students in the
study were tested within a four-week period in late spring 2016, and precisely followed
the directions for administration for the Smarter Balanced Assessment. Prior to
administration of the test, all students were provided practice sessions to review test
format, and were assigned individual computers with the supports of headphones,
universal, or designated accommodations. Testing locations included classrooms,
computer labs, or library spaces. If a specific student was warranted to have
accommodations as dictated by his or her IEP, these accommodations were pre-loaded
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into the system to be available to the student during all sections of the test (both English
Language Arts and Math). Four sections of the Smarter Balanced Assessment are given
in this assessment window: English Language Arts (ELA) performance task and ELA
Computer Adapted Test (CAT) and math performance task and math CAT. After the
completion of all four tests, the testing window was closed. The Smarter Balanced
Assessment Consortium scored the tests and reported scores back to the district within
four months of test closure. These administration procedures exactly followed the
directives in the DFA of the SBA (SBAC, 2018).
Variables Studied
•

Independent Variable: disability in reading/writing or no disability in reading/writing.

•

Dependent Variable: math score on the SBA
Following convention for educational research, an alpha level of p < .05 was used to

reject the null hypothesis (Gall et al., 2006). The overall linear mathematics score was
used for analysis. A univariate ANOVA is used to analyze the relationship between one
or more factors on a dependent variable (Field, 2013). An ANOVA F ratio is generated
and if significant, reveals differences between groups being studied, but does not
specifically indicate where group differences lie (Gall et al., 2006). With a significant
univariate effect in the ANOVA, several procedures may be used to determine where the
significant differences lie. Field (2013) suggested performing a Gabriel post hoc analysis
when group membership is small. The Gabriel post hoc analysis also adjusts the
significance levels in multiple or post hoc comparisons to reduce the chance of Type 1
error (Vogt, 2005).
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The ANOVA with four groups produced three significant tests which
corresponded to the key effects that are examined in this study: (a) main effects for
reading disability; (b) main effects for writing disability; (c) main effects for both reading
and writing disability. Field (2013) suggested that calculating the effect size using the
square root of the eta squared (η2 ) statistic provides an analysis of the effect size or
practical application.
Analysis
The researcher used SPSS version 24 general linear model to examine the
descriptive and inferential statistics in the analysis of the research questions. Descriptive
statistics included means, standard deviations, skewness, and kurtosis for the dependent
variable, and were used to ensure parametric procedures would be appropriate (Field,
2013). However, Field (2013) stated that ANOVA with repeated measures only requires
approximately normal data because it is robust to violation of normality.
In order to determine the nature of the relationship between the independent
variable and dependent variable, inferential statistics were computed. A one-way
analysis of variance (ANOVA) was appropriate due to sample size, single dependent
variable, and single independent variable (Gall et al., 2006) and was used to examine the
main effects of the independent variable groups.
Valid results from an ANOVA require several statistical assumptions be met
(Field, 2013). One assumption is the homogeneity of variances, evaluated with the
Levene’s test for homogeneity of variances (Field, 2013). Significant results on the
Levene’s test indicate that the mean variances are similar, and thus an ANOVA would
not be an appropriate analysis procedure (Field, 2013). Another assumption is that the
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dependent variable is measured at the continuous level and is normally distributed. There
should be no significant outliers in any group, and the groups should consist of at least
two distinct categorical groups.
Effect Size
The effect size can be calculated in several ways, and represents a standard
measure of practical significance (Vogt, 2005). Eta squared measures the degree of
association between the effect and the dependent variable and represents practical
significance of the study (Vogt, 2005). If the value of the measure of association is
squared it can be interpreted as the proportion of the variance in the dependent variable
that is attributed to each effect. Eta squared and partial eta squared measure are estimates
of the degree of association for the sample, and measures the strength of the phenomena.
Cohen (1988) suggested guidelines for interpretation as a small (ƞ2 = .01), medium (ƞ2 =
.09), and large (ƞ2 = .25) effect size.
Conclusion
Chapter Three described the research questions and related hypotheses for this
study, as well as the population, sample, and statistical methods used. Variables
evaluated were the presence or absence of a reading and/or writing disability, and math
score on the Smarter Balanced Assessment, reported both as a linear score and as an
ordinal score. Descriptive information about the sample population, grade, ethnicity, and
age was evaluated. With a significant F ratio on the ANOVA, post hoc tests were
calculated.
The results of each statistical analysis are presented in Chapter Four. The
assumptions and statistical procedures used in this study are presented. Inferential
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statistics are presented and summarized in terms of significance for each research
question.

68
Chapter 4: Results
Introduction
The results of this study will be presented in order according to the research
questions presented in Chapter One. To reiterate, this study examined the impact of a
specific learning disability in reading and/or writing on achieved scores on the middle
school SBA math assessment for students with disabilities. The statistical methods were
summarized in Chapter Three. Prior to reporting results from the inferential tests,
descriptive statistics and frequencies of the variables are described. Next, the findings
from the univariate statistical procedures of the ANOVA and effect size analysis are
reported. Finally, a summary of the most salient findings and whether the specific
hypotheses were rejected or accepted is detailed.
Population and Sample
As previously stated, the population from which the sample was selected is a large
suburban school district with five large comprehensive middle schools of approximately
1,000 students each. Participants were selected for the control group by randomly
selecting students with no documented disability from the entire middle school
population. The comparison group was selected by choosing all students with reading
and/or writing disabilities from the entire district. The number of participants from each
individual school is shown in Table 6, illustrating the distribution of participants. These
numbers include both the control sample and the comparison sample.
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Table 6
Distribution of Students for Participating Middle Schools
Number of participants
Middle school #1

34

Middle school #2

37

Middle school #3

45

Middle school #4

49

Middle school #5

44

Descriptive data on all 209 participants is presented in Table 7. Participants
ranged in age from 10 years, 8 months to 13 years, 10 months. As anticipated, there was
an uneven distribution of males and females in the comparison groups, with 76.7% of the
studied group being male and 23.3% being female. Although gender was not specifically
examined in this study, mirroring the gender ratio was deemed important, so a stratified
control sample was selected, resulting in 76.5% males and 23.5% females comprising the
control group.
Table 7
Gender, Grade and Special Education Status Statistics for Participants of Entire Study
Number of males

Number of females

Grade 6

46

18

Grade 7

53

18

Grade 8

61

13

In Special Education

56

17

Not in Special Education

104

32

Ethnic distribution of all participants is reported in Table 8. While ethnicity is not
specifically examined in this study, these percentages provide a frame of reference for the
reader about the population for which this study was conducted.
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Table 8
Ethnic Distribution of All Participants
Ethnic group

n

Participant averages

Asian

39

12.8%

Black

5

3.0%

Hispanic / Latino

22

9.1%

Two or more races

7

4.2%

White

136

70.9%

Descriptive Statistics
Prior to computing inferential statistics, descriptive data were generated and
analyzed. To avoid potential sources of bias, Field (2013) suggested checking for
assumptions of normality. Assumptions for normality in statistical tests ensure that the
statistical test is likely to result in appropriate and interpretable results. The data were
first scanned for missing scores and outliers. No missing scores were found and no cases
were excluded. The absence of outliers, or scores that are very different from the group,
suggested that this assumption was met. The assumption that the data be normally
distributed was evaluated first with visual inspection of the histograms (see Appendix E),
followed by evaluation of skewness and kurtosis indices. Field (2013) stated that at a
significance or p value of < .05, the absolute value of 1.96 or less falls into the range of
normally distributed data (p. 184). The data were initially checked for normal
distribution on the entire sample of 209 students. Means, skewness, and kurtosis indices
for the entire data set are reported in Table 9. For the variable of Smarter Balance math
score, skewness and kurtosis were well within acceptable limits (Skewness = .17,
Kurtosis = - .18), meeting the assumption for normally distributed data. For the variable
of confidence interval, the skewness score was within acceptable limits and the kurtosis
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score was above recommended limits (Skewness = 1.67, Kurtosis = 3.9). Inspection of
the frequency charts indicated that the frequency of the confidence interval of 22 was
more prevalent than all other scores. It is unclear why middle school students would more
frequently achieve this score. For the entire data set, the assumption for normally
distributed data for the variable of math scores was met.
Table 9
Descriptive Statistics for Studied Variables for All Participants
n

Mean

SD

Skewness

Kurtosis

SBA math score

209

2610.67

101.8

.17

-.18

Confidence interval

209

46

4.78

1.67

3.9

Next, variables were examined separately to check for the assumption of
normality for the students with specific learning disabilities and students without
disabilities. Results of this analysis showed that the variable of Smarter Balanced math
score in split groups remained within the skewness and kurtosis limits (Skewness = - .34,
Kurtosis = - .79). As the variable of confidence interval for the control group remained
unchanged and was within acceptable limits for normally distributed data, both skewness
and kurtosis for the studied group was higher (Skewness = 1.37, Kurtosis = 1.7).
Descriptive statistics for the comparison group are displayed in Table 10. However, both
variables remained within acceptable limits. Therefore, the assumption of normally
distributed data was met specifically for the comparison group of students with
disabilities.
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Table 10
Descriptive Statistics for Studied Variables for Control and Comparison Groups
n

Mean

Standard Deviation Skewness Kurtosis

SBA math score

136

2645.44

95.19

.22

- .79

Confidence interval

136

22.87

3.46

.78

.11

SBA math score

73

2545.82

79.99

- .33

.22

Confidence interval

73

25.89

6.12

1.37

1.7

Control group

Comparison group

Finally, Smarter Balanced Assessment math scores were examined for normality
in the sample subgroups as directed by the three research questions. The control group is
presented again for comparison purposes. For all studied groups – i.e., reading disability,
writing disability, and both reading and writing disabilities – skewness and kurtosis
scores were within acceptable limits on the Smarter Balanced math score variable and are
presented in Table 11. For the variable of confidence interval, skewness and kurtosis
scores for the studied groups of writing disability and both reading and writing disability
were within acceptable limits (see Table 11). For the reading disability subgroup on the
variable of confidence interval, both skewness and kurtosis exceeded recommended
limits (Skewness = 2.05, Kurtosis = 5.92). The small member size of the reading
disabilities only group is one reason why these scores might be higher. As ANOVA is
generally robust to minor violations of normally distributed data (Field, 2013), the
assumption of normally distributed data was met.

73
Table 11
Descriptive Statistics for Disability Subgroups
n

Mean

Standard
Deviation

SBA math score

136

2645.48

98.19

.22

-.78

Confidence interval

136

22.87

3.46

.77

.1

SBA math score

14

2558.92

68.96

-.616

1.68

Confidence interval

14

25.92

6.79

2.05

5.92

SBA math score

22

2557.31

80.56

1.17

.164

Confidence interval

22

25

5.26

1.17

.16

SBA math score

37

2534.02

83.68

-.542

.039

Confidence interval

37

26.4

6.43

1.19

.917

Skewness Kurtosis

Control group

Reading disability

Writing disability

Reading and writing disability

The final assumption evaluated was homogeneity of variances. Researchers
evaluate homogeneity of variances to ascertain if the variance across groups is equal.
This assumption for an ANOVA is often tested with a Levene’s test. A non-significant
result on the Levene’s test indicates that the variances between groups are similar, and
thus it is appropriate to perform additional inferential statistical procedures. The Levene’s
result for this study was F(3, 205) = 2.07, p = .105. This non-significant result indicates
that the variances between groups were similar and thus the assumption was met. Said a
different way, the variances for the studied groups were different enough to warrant
inferential statistics in the form of an ANOVA. Field (2013) stated “if the Levene’s test is
non-significant (p >.05) then the variances are roughly equal and the assumption is
tenable” (p. 193).
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Given the assumptions of normally distributed data overall and within groups,
absence of outliers, and homogeneity of variances, further inferential analysis was
appropriate.
Inferential Statistics
The main focus of this research was to evaluate the impact of a reading and/or
writing disability on SBA math scores for middle school students. The overall model of
evaluating all of the students with disabilities as compared to the control group of
students without disabilities resulted in an omnibus F(3,205) = 19.68, p < .001. This
omnibus score determined that an overall significant difference was found and is
presented in Table 12.
Table 12
ANOVA Results
Sum of squares

df

Mean sum of squares

F

Sig.

48221.61

3

160740.53

19.68

.000

Within groups

1673646.61

205

8164.13

Total

2155868.22

SBA Math Score
Between groups

Further investigation was needed to determine where, or between which groups,
the significant differences were found. Field (2013) suggested computing the Gabriel post
hoc analysis when group membership is small. The post hoc comparison results are
displayed in Table 13. These results indicated significant findings between the control
group and all three comparison groups.
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Table 13
Gabriel Post hoc Comparison Results
Group
Control

Learning Disability
Reading
Writing
Reading & writing

Mean Difference
105.97
107.58
130.87

Standard Error
24.07
19.91
16.33

Sig.
.000
.000
.000

Reading

Control
Writing
Reading & writing

-86.54
1.61
24.90

25.36
30.89
28.35

.001
1.0
.935

Writing

Control
Reading
Reading & writing

-88.15
-1.61
23.29

20.76
30.89
24.32

.000
1.0
.912

R&W

Control
Reading
Writing

-111.45
-24.9
-23.29

16.75
28.35
24.32589

.000
.935
.912

Note. The mean difference is significant at the 0.05 level.

After interpreting the between subjects results, practical significance or effect
sizes were analyzed. Field (2013) suggested the eta squared (ƞ2) calculation is appropriate
to determine effect sizes when using an ANOVA. The effect size for this study is ƞ2 =
.224. Interpreting this result, 22.4% of the variance in the model is explained by group
membership, or level of disability. Statistical significance testing assesses the reliability
of the association between the independent and dependent variables (Tabachnick &
Fidell, 2013), in this study, the examination of the impact of a reading and/or writing
disability on SBA math achievement. Cohen (1988) suggested guidelines for
interpretation as a small (ƞ2 = .01), medium (ƞ2 = .09) and large (ƞ2 = .25) effect size.
Given these statistics, results in this study reflect a medium to large effect or practical
significance.
Research Question 1
Research Question One evaluated the impact of a specific learning disability in
reading on math SBA scores. As previously reported, the ANOVA showed a statistically
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significant difference with a medium to large effect size (F(3, 205) = 19.69, p < .001, ƞ2 =
.224). The Gabriel comparison showed a statistically significant difference between the
control group and the group of students with a reading disability, with the mean
difference calculated at M = 105.97, p < .001. There were no statistically significant
differences between the reading group and either the writing group or the reading and
writing group. With these results, the researcher rejected the null hypothesis for Question
One.
Research Question 2
Research Question Two evaluated the impact of a specific learning disability in
writing on math SBA scores. As previously reported, the ANOVA showed a statistically
significant difference with a medium to large effect size (F(3, 205) = 19.69, p < .001, ƞ2 =
.224). The Gabriel comparison showed a statistically significant difference between the
control group and the group of students with a writing disability, with the mean
difference calculated at M = 107.58, p < .001. There were no statistically significant
differences between the writing group and either the reading group or the reading and
writing group. With these results, the researcher rejected the null hypothesis for Question
Two.
Research Question 3
Research Question Three evaluated the impact of a specific learning disability in
reading and writing on math SBA scores. As previously reported, the ANOVA showed a
statistically significant difference with a medium to large effect size (F(3, 205) = 19.69, p
< .001, ƞ2 = .224). The Gabriel comparison showed a statistically significant difference
between the control group and the group of students with both reading and writing
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disabilities, with the mean difference calculated at M = 130.87, p < .001. There were no
statistically significant differences between the reading and writing group and either the
reading group or the writing group. With these results, the researcher rejected the null
hypothesis for Question Three.
Summary of Findings
An ANOVA was computed to test the impact of a reading and/or writing
disability on student math scores on the middle school SBA. Significant findings for all
three research questions were found. The Gabriel post hoc adjustments to control for
Type 1 error were all significant. Inspection of the means plot (see Appendix E) showed
that the impact of a reading or a writing disability impacts the outcome of math SBA
scores in a similar manner, while the impact of both a reading and a writing disability
impact the math SBA scores to a higher degree. The results of the effect size calculation
showed a medium or large effect, indicating that these results have non-trivial
implications for students, teachers, and educational policy-makers.
While not a foci of this study, the confidence interval information adds clarity to
the practical importance of these findings. Reported for individual students, the
confidence interval indicates the range in which the true score will lie. For the students
in this study, when confidence intervals were added to an individual student’s score, 10
more students, or 14%, would have achieved the proficient score (see Appendix F). In
conclusion, these results support a rejection of the null hypothesis for all three research
questions.
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Conclusion
This chapter presented the findings of the research. Prior to performing the
statistical procedures, data were analyzed to check for violations of parametric
assumptions. Descriptive statistics were computed for all variables in aggregated and
disaggregated groups, and reported. Parametric statistical data related to the research
question were reported. The results showed in the main effect of the studied group, at an
alpha level of p < .05, there was a statistically significant difference between the studied
and control groups on the SBA math score. Consequently, the researcher rejected all
three null hypotheses. Effect size and practical implications were calculated and
reported, finding a medium to large effect size.
The following chapter provides a summary of the purpose of this study, the
methodology employed, limitations, and the practical significance of the results. Finally,
suggestions for future research are offered.
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Chapter 5: Summary and Discussion
Introduction
The purpose of this study was to investigate the impact of reading and writing
disabilities on achieved scores on the math Smarter Balanced Assessment. A second
purpose was to explore if the use of testing accommodations as specified by the SBA test
authors mitigated the effects of a reading and/or writing disability on this particular high
stakes math assessment. A third purpose was to analyze individual students’ confidence
intervals to ascertain if the addition of the calculated confidence interval provided a
differential boost enough to score the students in the proficient range. This chapter
provides a discussion of the results found in this study, including results from inferential
statistical analyses to investigate the stated problem. Finally, a description of research and
educational implications, study limitations, and suggestions for future research are
presented.
Discussion
Research questions. The evaluation of the overall model used to compare the
mean scores of all students with disabilities to the mean scores of the control group of
non-disabled students resulted in statistically significant findings, with a medium to large
effect size (F(3, 205) = 19.69, p < .001, ƞ2 = .224). The Gabriel post hoc comparison
(Mean Difference = 105.97, Standard Error = 24.07, p < .001) showed a statistically
significant difference between the control group and the group of students with only a
reading disability. This was the smallest group (n = 14, M = 2558.92, SD = 68.96).
Several reasons can be offered for this small group membership. Research has shown
that reading and writing are highly correlated and share a reciprocal relationship in
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literacy development (Costa et al., 2015), thus when parsing to single disability groups,
these numbers are likely to be relatively small. This small group membership is also
evident in the group for students with only a disability in writing (n = 22, M = 2534.02,
SD = 83.68). For the writing disability only group, the Gabriel post hoc comparison
showed similar statistically significant differences as compared to the control group
(Mean Difference = 107.58, Standard Error = 19.91, p < .001). Statistically significant
results support that an evident disability in reading or writing does impact the ability to
perform at the same level as peers without disabilities on this math assessment.
The largest difference was found between the control group and the group of
students who had both reading and writing disabilities (n = 37, M = 2558.92, SD =
68.96). In this group, the Gabriel post hoc comparison (Mean Difference = 130.87,
Standard Error = 16.33, p < .001) showed a statistically significant difference. The
larger mean difference indicates that students with both reading and writing disabilities
are more impacted than students who have only either reading or writing disabilities on
this math assessment. This double impact is supported in the literature when evaluating
other comorbid disabilities (Costa et al., 2015; Shananhan, 2006; Swanson, Jerman, &
Zheng, 2009). With this data, the researcher rejected the null hypotheses for all three
research questions.
Concerns arose in the selection of the control sample. From the population from
which this sample was drawn, students may self-select into an advanced math path,
effectively narrowing the control sample population by 47% for this study. Given that
nearly half of the students in this district elect for an advanced math path, researchers can
interpret that the mean ability level of the grade level assigned class is lower than the
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mean level of the advanced students, due in part to advanced instruction and possibly to
natural math talent or interest.
The number of students with math disabilities presented an unanticipated problem
during data collection. The sample of students with disabilities initially included all
students with disabilities in grades six through eight. Once students with behavior and
communication disabilities were extracted, 374 students remained in the sample set. Of
these students, 301 students had a math disability, effectively the largest disability
category in the group of students with disabilities. Although not the focus of this study, it
was noted that 48% of the students with math disabilities, 146 students, also had both
reading and writing disabilities. This ultimately resulted in smaller than anticipated
groups for the study. This research illuminated differences when disability groups were
parsed out more specifically.
Generalizations made to other populations, districts dissimilar to the studied
district, and students of different ages must be made with caution. It is understood that
there may exist other factors that influence the overall math achieved score such as
maturity, test anxiety and fatigue, and effort. These are all beyond the scope of this
study. Although the fundamental validity question for the high stakes nature of this test
for high school students is an underlying premise of this examination, these results can
only be generalized to middle school students.
The parallel research for the assessment of ELL students provided additional
insight. As noted in the literature review, language difficulties are more dynamic for
ELL students than for students with specific language disabilities. The research on
validity in assessment for ELL students is more robust than for students with disabilities,
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and supports the suggestion that language does impact the ability to perform on math
tests for ELL students (Cormier et al., 2014; Haag et al., 2015; Shaftel et al., 2006).
Although research examining this same construct is less available for students with
disabilities, continued exploration similar to Rhodes et al.’s (2015) study on the KeyMath
– Revised (Connolly, 2007) and other large scale assessments such as the Kansas General
Mathematic Assessment (Shaftel et al., 2006) is necessary to more fully understand how
language deficits impact the ability to perform mathematics tasks. As shown in Rhodes
et al. (2015) and Veldkamp’s (2016) research, initial studies reveal that the beginning or
early questions on large scale assessments present simpler mathematics concepts and
more language laden question forms. Following computer adapted testing procedures,
subsequent items are adjusted based on the accuracy of the student’s response and the
difficulty of the question (Shapiro et al., 2015). Because Rhodes et al.’s (2015) research
indicated that initial, or usually easier, math problems are more laden with language, and
the later, or supposedly more difficult math problems are less laden with language, this
can be offered as one reason why language disabilities impact achieved math scores on
computer adapted assessments. The Rhodes et al. (2015) study, in conjunction with the
abundant research that explores the impact of language acquisition and mastery for ELL
students (Boero et al., 2008; Shaftel et al., 2006), supports the premise language plays a
role in the ability to answer math questions.
Testing accommodations. Accommodations are not only allowed on the SBA,
they are mandatory. Following the suggestions of universal design, some
accommodations are available for all students, such as extended time, allowances for
breaks, and use of an embedded calculator. Accommodations selected by IEP teams for
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students with disabilities are intended to mitigate the impact a disability has on the
student’s ability to perform to his or her capacity.
Significant research has been conducted on the selection process (Cawthon et al.,
2012; Cook et al. 2010) and effectiveness (Elliott et al., 2001) of specific
accommodations for high stakes tests. Researchers do not yet agree on either of these
topics. The selection and use of accommodations is a crucial component of the validity
and interpretability of resulting scores. The selection model or framework offered by
Fuchs et al. (2005) provided one example of a structured system for the purposeful
selection of accommodations. Evaluating the differential boost to students with and
without disabilities under accommodated and not accommodated assessments will
provide imperative insight to the validity measures of high stakes tests (Elliott et al.,
2001). Anticipated in 2019, meeting standard on the SBA math test will become a
graduation requirement. In order to validly assess the math skills of students with
reading and/or writing disabilities, this question of validity must be answered. If
providing accommodations does mitigate the impact of a specific language disability,
then the resulting score will be valid for interpretation. If, as Cho et al. (2012) claimed,
the use of accommodations diminishes the validity of the resulting scores because the
accommodations provide a differential boost, and thus no longer fit the norm referencing
standard, then policy-makers at the state and district level must be ready to respond to the
needs of students with learning disabilities who may intend to pursue post-secondary
education. Withholding a diploma, and the life implications therein, for failing to meet
standard on this assessment may be statistically unsupported under the current paradigm.
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Impact of confidence intervals. Confidence interval data offer insight to the
range where the true achieved score might lie, and is a more accurate representation of
the true score than the reported numerical score. The Smarter Balanced Assessment
Consortium provides this explanation and refers to the confidence interval as an error
band:
Smarter Balanced tests provide the most precise scores possible within a
reasonable time limit, but no test can be 100 percent accurate. The error band
indicates the range of scores that a student would likely achieve if they were to
take the test multiple times. (Smarter Balanced Reporting System User Guide,
2016, p. 120)
This often overlooked data point may prove to be informative in the future as policymakers become more aware of its impact. In this study, when the confidence interval was
added to the student’s score, 10 more students, or 14% would have reached the cut score
to be determined proficient. Additionally, with the confidence interval added to their
score, several more students were within a minimal point number needed to reach the cut
score (see Appendix F). Further research in the use or application of confidence intervals
to increase interpretability of high stakes tests is needed.
Research Significance
Findings from this study have theoretical significance for understanding how
students with specific learning disabilities are assessed in high stakes testing. It is
important to recognize that these scores are, and will continue to be, a snapshot in time,
rather than a representation of cumulative skill development. The current research added
insights to the assessments for students with certain types of disabilities, and echoed the
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results of previous studies (Cormier et al., 2014). Students with reading and/or writing
disabilities learn differently, and assessing via high stakes tests authored for
accountability purposes may not adequately reveal what students know and the level that
this learning has been mastered. Cormier et al. (2014) articulated this as an investigation
between the question of difference versus disorder (p. 610) and specifically investigated
if differences in large scale assessments measure linguistic demand the same across
student groups. Results of the current study revealed that it is plausible that students with
reading and/or writing disabilities may have abilities in mathematics that are impacted by
elements of the language of mathematics, the linguistic demand of question formats, and
the language laden questions that are often found in the easier questions on math
assessments. These findings echo previous research on the assessment of students with
disabilities (Rhodes et al., 2015). This study also broadened understanding about the
importance of parsing out individual disability categories rather than studying students
with disabilities as a single group, and indicates the impact may be greater for students
who have more than one specific learning disability.
Educational Significance
In order to use high stakes assessments for high stakes consequences, such as
graduation, the assessment tool must be as valid and free from bias and construct
irrelevant variance as possible. As the Smarter Balanced Assessment is a relatively new
test, and considering that high school participation rates have not yet reached a level that
would invite statistical analysis, it is difficult to extrapolate how high school students
with reading and/or writing disabilities will perform on the mathematics assessment. In
the 2015-2016 school year, less than 5% of high school students in the studied district
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participated in the math SBA and thus, initial scores were repressed. When sufficient
participation is reached to perform statistical analyses on results of the high school
Smarter Balanced Assessments, replicating this study with high school participants will
be helpful in continued efforts to validly evaluate students with reading and/or writing
disabilities.
Prior to empirical research being completed, policy-makers and school personnel
should use caution when assessing graduation consequences using this tool. Findings
suggest that allowing the confidence interval calculated for each student to be one
method of attempting to provide fairness in the absence of justified validity for students
with disabilities.
Limitations
As with any study, several limitations are found within the present study. The
small sample size of the individual groups, especially the group of reading only disability
must be considered. In order to increase sample size, expanding the population from
which the sample was drawn to include more districts concurrently, might open a
confounding variable of differences in policies and procedures in the special education
evaluation process, resulting in questionable group membership characteristics.
The Smarter Balanced Assessment is a relatively new assessment, only used
nationwide since 2015 (SBAC, 2018). As with any new large scale assessment,
adjustments are made as evidence is gained through experience (Smarter Balanced
Technical Report, 2016). Students and teachers will become more familiar with this test,
both in format and content. As students and teachers become more familiar with the
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content and districts align curriculum to the Common Core State Standards, we can
expect influences of inexperience or poorly aligned curriculum to be abated.
Although the schools in this district generally represent typical schools in the
surrounding area, results may be limited to schools with similar demographics. It is
important to note that this test is a moment-in-time. Elements of student anxiety, fatigue,
effort, and sustained focus are all elements that influence test taking and achieved results.
These were all beyond the scope of this study.
Future Research
The impact of testing accommodations is a robustly researched topic (Dolan, et
al., 2005; Elliott et al., 2001; Kettler, 2015). Researchers do not yet agree if the use of
testing accommodations improves or decreases the interpretability of resulting scores.
Additionally, research has revealed the presence of a differential boost, or improved
scores for students without disabilities while using accommodations (Dolan et al., 2005;
Fuchs et al., 2005; Ketterlin-Geller et al., 2007). While the limits of allowable designated
supports are clear within the DFA for the SBA, the opposite pendulum of opportunity is
yet unknown. Additional research on the Smarter Balanced Assessment results would be
probative to examine if providing similar accommodations to students without
disabilities, but who struggle with academic tasks, would show higher achieved scores.
The process for selecting testing accommodations is not tightly regulated. This allows
for IEP teams to select packages of accommodations rather than specific targeted
accommodations or accommodations that support a student’s emotional rather than
specific educational needs. Examining teacher selection processes for the assignment of
testing accommodations may suggest best practices not currently widely known or
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implemented. Further exploration on the use of the confidence interval score as an
accommodation might provide an option for policy-makers in the absence of empirical
research on systematic variance for students with reading and/or writing disabilities.
Repeating this study with larger samples or in subsequent years might offer
insights not currently available. As students and school personnel become more familiar
with this test, how items are measured, and best practices on the assignment of
accommodations, greater insight may suggest other avenues to research.
Subsequent studies are needed to continue to explore the unique experiences of
high stakes testing for students with reading and/or writing disabilities. The research
design for these potential studies should include systems to detect unique variance for
students with specific learning disabilities categorically rather than studying students with
disabilities as one group.
Conclusion
The present study resulted in significant results for the three stated research
questions; students with reading and/or writing disabilities do face an impact when
participating in the math Smarter Balanced Assessment. These findings have important
implications for research and the assessment of students with disabilities. Understanding
how the language of math and linguistic demand impact the reading difficulty of a math
problem helps classroom teachers seek ways to lessen the language demand while
maintaining construct validity and rigor. The use of accommodations on standardized
testing is an important element in the valid assessment of students with disabilities. As
high stakes tests for accountability purposes are paramount in today’s educational
landscape, careful attention and further exploration on this topic is warranted.
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Appendix A
Sample SBA Math Questions 6th Grade
Question sample 1478 – 6th grade
Design a new cereal box for this company. All cereal boxes are rectangular prisms.
Then explain why your design is better for the company, based on the requirements.
In your response, give the dimensions of your box, explain how your box meets each of
the requirements for the new box.
Attached reading sample:
Cereal Boxes: a cereal company uses cereal boxes that are rectangular
prisms. The boxes have the dimensions shown. 12 inches high/8 inches
wide/2 inches deep. The managers of the company want a new size for
their cereal boxes. The new boxes have to be rectangular prisms. You
will evaluate one box design the company proposed. Then you will create
and propose your own design for the company. Requirements for the new
boxes: the new boxes have to use less cardboard than the original boxes.
The new boxes have to hold the same or a greater volume of cereal as the
original boxes.

Question sample 3565 – 6th grade
The expressions 4(42)(8.2) and 45 are equivalent.
Show that the two expressions are equivalent. Describe the steps that can be applied to
create the equivalent expression 45.
Type your answer in the space provided.
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Appendix B
Sample SBA Math Questions 7th Grade
Claim 3 item 2064 – 7th grade
People can save water by taking some proactive steps. Consider and average American
household of 4 people. Explain how much water, on average, can be saved each day if
they implement the following plan
•
•
•

They fix one leaky faucet in the hone that drips about 3 drips per second.
Each person reduced the time in the shower by 3 minutes
Each person does not leave the water running while brushing teeth, washing
hands and shaving
Support your answer by including the average amount of water saved by implementing
each part of the play, as well as the total amount saved.
Attached reading passage: Using Water Wisely
Water is a valuable resource that can easily be wasted. In this task you
will investigate how much water the average American uses each day.
You will then investigate how much water a family of 4 could save using
different strategies.
According to some estimates, the average American uses 80 – 100 gallons
of water daily. Of this total the averages American uses about:
•
•
•

27% by flushing toilets
25% while taking showers/baths
10% by running the faucet while brushing teeth, washing hands, and
shaving
Water is also used for various other purposes (cooking, drinking water
watering plants, washing clothes, etc.) that account for the remaining
percentage of water used by the average American.
Table 1 shows the average amount of water used during some activities.

Table 1. Water used by Activity and duration
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Sample item 3635 – 7th Grade
Alfonso went to Famous Sam’s Appliance store and purchased a refrigerator and a stove.
The sale price of the refrigerator was 40% off the original price and the sale price of the
stove was 20% off the original price.
Which statement must be true to conclude that Alfonso received a 30% overall discount
on the refrigerator and stove together?
(A) The sale price of the refrigerator and the stove were the same.
(B) The original prices of the refrigerator and the stove were the same.
(C) The sale price of the refrigerator was twice the sale price of the stove.
(D) The original price of the refrigerator was twice the original price of the stove.
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Appendix C
Sample SBA Math Questions 8th Grade

Item 3575 – 8th Grade
The ratios a:b and b:c are equivalent to one another.
Select all the statements that must be true.
o
o
o
o
o

a=c
b/c = c/b
b-a = c-b
a < b and b < c
if a = b, then b = c

Item 1518 – 8th Grade
In this task, you will use data to create a model that shows the relationship between
animal body weight and pulse rate measures. Then you will examine additional data to
evaluate your model.
A study shows that the relationship between an animal’s pulse rate and body weight is
approximately linear. The study data are below.

Interpret the slope of the line from Item 1 in the context of the situation.

Based on the equation from Item 2, predict the average pulse rate in beats per minute of
an animal that weights 6000 kilograms.
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Appendix D
SBA Overall Reliability and Validity Statement

From: Smarter Balanced Technical Report, 2015
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Appendix E
Histogram of Normal Distribution

Means Plot
2660
2640
2620
2600
2580
2560
2540
2520
2500
2480
2460
No Disability

Reading Disability

Writing Disability

R & W Disability
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Appendix G
Confidence Interval Adjustment Grades 6-8

Sixth Grade Student Scores with Confidence Intervals
2800
2700

SBA Math Scores

2600

Cut Score

2500
2400
2300
2200
2100

Students
SBA Score

Confidence Interval

109

Seventh Grade Student Scores with Confidence Intervals
2800
2750
2700

SBA Math Scores

2650
2600

Cut Score

2550
2500
2450
2400
2350
2300

Students
SBA Score

Confidence Interval

2600

Student 2
Student 7
Student 24
Student 25
Student 15
Student 10
Student 31
Student 27
Student 6
Student 5
Student 3
Student 28
Student 21
Student 18
Student 23
Student 17
Student 8
Student 4
Student 14
Student 11
Student 29
Student 1
Student 30
Student 9
Student 16
Student 12
Student 13
Student 26
Student 22
Student 19
Student 20

SBA Math Scores
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Eighth Grade Student Scores with Confidence Intervals

2800

2700

Cut Score

2500

2400

2300

2200

SBA Score

Students

Confidence Interval

